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1. 

CEPHALOSPORNS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application is a division of application Ser. No. 
915,873, filed June 15, 1978, now U.S. Pat, No. 
4,219,554 and is also a division of application Ser. No. 
841,608, filed Oct. 12, 1977, which are in turn divisions 
of application Ser. No. 654,060, filed Jan. 30, 1976, now 
U.S. Pat. No. 4,112,090, which is a continuation-in-part 
of application Ser. No. 571,479, filed Apr. 24, 1975, now 
U.S. Pat. No. 4,087,424. 

This invention relates to novel penicillins and cepha 
losporins and to a process for producing the same. 
The compounds of the present invention have various 

characteristics including a broad antibacterial spectrum 
against Gram-positive and Gram-negative bacteria, and 
effective antibacterial activity particularly against Pseu 
domonas aeruginosa, Klebsiella pneumoniae and Proteus 
species. Furthermore, the compounds of the present 
invention possess high resistance to g-lactamase pro 
duced from bacteria, and effective antibacterial activity 
even against clinical isolates of bateria which are signifi 
cant at present from the clinical standpoint. Accord 
ingly, the compounds of the present invention are quite 
effective as therapeutic drugs for human and animal 
infectious diseases derived from the above-mentioned 
pathogenic microorganisms. 

It has heretofore been known that 6-acylamino peni 
cillanic acids and 7-acylaminocephalosporanic acids 
having an amino group at the a-position of the acyl 
group show strong antibacterial activity not only 
against Gram-positive bacteria but also against Gram 
negative bacteria. However, there are the disadvantages 
that the known compounds described above show sub 
stantially no effective antibacterial activity against not 
only Pseudomonas aeruginosa, Klebsiella pneumoniae and 
Proteus species, which have been known as causes for 
clinically serious infectious diseases but also resistant 
bacteria which are frequently isolated at present from 
many clinical hospitals. And they tend to be hydrolyzed 
with g-lactamase produced from many drug-resistant 
bacteria. 
With an aim to obtain penicillins and cephalosporins 

having no disadvantages mentioned above, the present 
inventors conducted extensive studies to find that novel 
compounds of formula (I) which appears hereinafter, 
which are prepared by bonding the moiety, 

(X) 

AN NC 

yA y 
(R2 R) 

wherein A, X, Y, R2, R3, in and m are as mentioned 
hereinafter, to the amino group in the acyl group of 
penicillins and cephalosporins, can sufficiently satisfy 
the above-mentioned aim and have extremely valuable 
therapeutic effects. 

It is an object of this invention to provide novel peni 
cillins and cephalosporins containing a mono- or di-oxo 
or thioxo-piperazino(thio)carbonylamino group in mol 
ecule. 

10 

15 

20 

25 

30 

35 

45 

50 

55 

60 

65 

2 
It is another object of this invention to provide novel 

penicillins and cephalosporins having a broad antibacte 
rial spectrum. 

It is a further object of the invention to provide novel 
penicillins and cephalosporins having high resistance to 
f-lactamase produced from bacteria. 

It is a still further object of the invention to provide 
novel penicillins and cephalosporins having effective 
antibacterial activity against clinical isolates of bacteria. 

It is a still further object of the invention to provide a 
process for producing the novel penicillins and cephalo 
sporins. 

It is a still further object of the invention to provide a 
pharmaceutical composition containing the novel peni 
cillins or cephalosporins as active ingredient, 
Other objects and advantages of this invention will 

become apparent from the following description. 
The compounds of the present invention are penicil 

lins and cephalosporins represented by the general for 
mula (I), 

(X) 

AA 
A-N N-C-NH-R-CONH 

yW 
(R2 R) 

(I) 

*N 
N o? S1 

COOR1 

wherein R represents an amino acid residue; R repre 
sents a hydrogen atom, a blocking group or a salt-form 
ing cation; n represents 1 or 2; each of then X's, which 
may be identical or different from one another, repre 
sents individually an oxygen or sulfur atom, and the n 
X's are attached in any combination to the 2-, 3- and/or 
5-positions of the piperazine ring; m represents 4-n; each 
pair of R2 and R3 are linked to the same carbon atom, 
and m pairs of R2 and R3, which may be the same or 
different, represent individually a hydrogen atom, a 
halogen atom, a carboxyl group, or a substituted or 
unsubstituted alkyl, cycloalkyl, aryl, acyl, aralkyl, alk 
oxycarbonylalkyl, acyloxyalkyl, alkoxy, alkoxycar 
bonyl, cycloalkyloxycarbonyl, aralkoxycarbonyl, ary 
loxycarbonyl, amino or carbamoyl group; any pair of 
R2 and R together with a common carbon atom may 
form a cycloalkyl ring; A represents a hydrogen atom, 
a hydroxy group, a nitro group, a cyano group, or an 
unsubstituted or substituted alkyl, alkenyl, alkynyl, al 
kadienyl, cycloalkyl, cycloalkenyl, cycloalkadienyl, 
aryl, acyl, aralkyl, acyloxyalkyl, alkoxy, cycloalkyloxy, 
aryloxy, alkoxycarbonyl, cycloalkyloxycarbonyl, ary 
loxycarbonyl, aralkoxycarbonyl, alkylsulfonyl, cy 
cloalkylsulfonyl, arylsulfonyl, carbamoyl, thiocarban 
oyl, acylcarbamoyl, acylthiocarbamoyl, alkylsulfonyl 
carbamoyl, arylsulfonylcarbamoyl, alkylsulfonylthi 
ocarbamoyl, arylsulfonylthiocarbamoyl, sulfamoyl, al 
koxycarbonylthioalkyl, alkoxythiocarbonylthioalkyl, 
amino or heterocyclic group; Y represents an oxygen or 
sulfur atom; and > Z represents 

YoH, 
CH3 N/ C O C-CHR, 

1NCH3 a 

where R represents a hydrogen atom, a halogen atom, 
a hydroxy group, a cyano group, an azido group, a 
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quaternary ammonium group, or an organic group 
linked through O, N or S. 

In the above-mentioned general formula (), R repre 
sents an amino acid residue. Examples of such amino 
acid residue include residues of amino acids derived 
from various aliphatic, araliphatic, aromatic, alicyclic 
and heterocyclic compounds, which amino acids may 
have the amino group at a position such as a-, 3- or 
y-position to the carboxyl group. Preferable as said R is 
an a-amino acid residue represented by the formula 

wherein R is an alkyl group such as methyl, ethyl, 
propyl, butyl, pentyl, hexyl, heptyl, octyl or the like; a 
cycloalkyl group such as cyclopentyl, cyclohexyl, cy 
cloheptyl or the like; a cycloalkenyl group such as cy 
clopentenyl, cyclohexenyl, or the like; a cycloalkadie 
nyl group such as cyclopentadienyl, cyclohexadienyl or 
the like; an aryl group such as phenyl, naphthyl or the 
like; an aralkyl group such as benzyl, phenetyl or the 
like; an aryloxy group such as phenoxy, naphthoxy or 
the like; an alkylthioalkyl group such as methylthi 
omethyl, ethylthiomethyl, methylthioethyl, ethylthio 
ethyl or the like; or a heterocyclic group such as furyl, 
thienyl, oxazolyl, thiazolyl, isoxazolyl, isothiazolyl, 
inidazolyl, pyrazolyl, pyridyl, pyrazyl, pyrimidyl, 
pyridazyl, quinolyl, isoquinolyl, quinazolyl, indolyl, 
indazolyl, 1,3,4-oxadiazolyl, 1,2,4-oxadiazolyl, 1,3,4- 
thiadiazolyl, 1,2,4-thiadiazolyl or the like; each group 
represented by said R may be substituted by various 
groups, for example, halogen, hydroxy, nitro, alkyl, 
alkoxy, alkylthio, acyl, alkylsulfonylamino or the like; 
R represents a hydrogen atom; and Rand R6 together 
with a common carbon atom may form a cycloalkyl 
ring such as cyclohexyl, cycloheptyl or the like; a cy 
cloalkenyl ring such as cyclopentenyl, cyclohexenyl, or 
the like; or a cycloalkadienyl ring such as cyclopenta 
dienyl, cyclohexadienyl, or the like. 

In the general formula (I), R is a hydrogen atom, a 
blocking group or a salt-forming cation. The blocking 
group may be any of those which have heretofore been 
used in the field of penicillin or cephalosporin type 
compounds. Concretely, the blocking group includes 
(1) ester-forming groups capable of being removed by 
catalytic reduction, chemical reduction or hydrolysis 
under mild conditions e.g. arylsulfonylalkyl groups 
such as toluene-sulfonylethyl, etc.; substituted or unsub 
stituted aralkyl groups such as benzyl, 4-nitrobenzyl, 
diphenylmethyl, trityl, 3,5-di(tert-butyl)-4-hydroxy 
benzyl, etc.; substituted or unsubstituted alkyl groups 
such as tert-butyl, trichloroethyl, etc.; phenacyl group; 
alkoxyalkyl groups such as methoxymethyl, etc.; and 
unsubstituted or alkyl-substituted cyclic aminoalkyl 
groups such as piperidinoethyl, 4-methylpiperidino 
ethyl, morpholinoethyl, pyrrolidinoethyl, etc.; (2) ester 
forming groups capable of being easily removed owing 
to enzymes in a living body, e.g. acyloxyalkyl groups 
such as pivaloyloxymethyl, etc.; phthalide group; and 
indanyl group; (3) silicon-containing groups, phos 
phorus-containing groups and tin-containing groups 
which are capable of being easily removed by treating 
with H2O or an alcohol, such as (CH3)3Si-, 
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O C2H5O 
V 
P-, P-, 

A 
O C2H5O 

(C4H9)3Sn-, or the like. The examples of the blocking 
groups mentioned in above (1), (2) and (3) are merely 
typical, and other examples are disclosed in U.S. Pat. 
Nos. 3,499,909; 3,573,296 and 3,641,018 and DOS 
2,301,014; 2,253,287 and 2,337,105 and may be used in 
this invention. The salt-forming cation includes cations 
which have heretofore been known in the field of peni 
cillin or cephalosporin type compounds, and preferable 
are those capable of forming non-toxic salts. The salts 
include alkali metal salts such as sodium salt, potassium 
salt, etc.; alkaline earth metal salts such as calcium salt; 
magnesium salt, etc.; ammonium salt; and salts with 
nitrogen-containing organic bases such as procaine, 
dibenzylamine, N-benzyl-g-phenethylamine, 1-ephena 
mine, N,N-dibenzylethylenediamine, etc. In addition to 
the above cations, there may be used cations capable of 
forming the salts with other nitrogen-containing or 
ganic bases, such as trimethylamine, triethylamine, tri 
butylamine, pyridine, dimethylaniline, N-methylpiperi 
dine, N-methylmorpholine, diethylamine, dicyclohex 
ylamine, etc. Furthermore, the cation includes quater 
nary ammonium groups formed at the 3-position of 
cephen ring, such as pyridinium, quinolinium, 
isoquinolinium, pyrimidinium, and the like. In this case, 
a betaine structure is formed in the molecule. 

In the general formula (I), m pairs of R2 and R3, 
which may be the same or different, represent individu 
ally, a hydrogen atom; a halogen atom such as fluorine, 
chlorine, bromine, etc.; a carboxyl group; an alkyl 
group such as methyl, ethyl, propyl, butyl, pentyl, 
hexyl, heptyl, octyl, etc.; a cycloalkyl group such as 
cyclopentyl, cyclohexyl, cycloheptyl, etc.; an aryl 
group such as phenyl, naphthyl, etc.; an acyl group such 
as acetyl, propionyl, butyryl, benzoyl, etc.; an aralkyl 
group such as benzyl, phenethyl, etc.; an alkoxycar 
bonylalkyl group such as methoxycarbonylmethyl, 
ethoxycarbonylmethyl, etc.; an acyloxyalkyl group 
such as acetyloxymethyl, propionyloxymethyl, pivaloy 
loxymethyl, benzoyloxymethyl, etc.; an alkoxy group 
such as methoxy, ethoxy, propoxy, butoxy, etc.; an 
alkoxycarbonyl group such as methoxycarbonyl, ethox 
ycarbonyl, propoxycarbonyl, etc.; a cycloalkyloxycar 
bonyl group such as cyclopentyloxycarbonyl, cy 
clohexyloxycarbonyl, cycloheptyloxycarbonyl, etc.; an 
aralkoxycarbonyl group such as benzoyloxycarbonyl, 
phenethoxycarbonyl, etc.; an aryloxycarbonyl group 
such as phenoxycarbonyl, naphthoxycarbonyl, etc.; an 
amino group such as amino, N-alkylamino (e.g. N 
methylamino, N-ethylamino, N-propylamino, N 
butylamino, etc.), N,N-dialkylamino (e.g. N,N-dime 
thylamino, N,N-diethylamino, N,N-dibutylamino, etc.), 
N-acylamino (e.g. N-acetylamino, N-propionylamino, 
N-butyrylamino, N-benzoylamino, etc.), and cyclic 
amino (e.g. pyrrolidino, piperidino, morpholino, etc.); 
and a carbamoyl group such as carbamoyl, N 
methylaminocarbonyl, N-ethylaminocarbonyl, N,N- 
dimethylaminocarbonyl, N,N-diethylaminocarbonyl, 
etc. Further, R2 and R3 together with a common carbon 
atom may form a cycloalkyl ring such as a cyclopentyl, 
cyclohexyl or cycloheptyl group. Each of the groups 
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mentioned above for said R2 and R3 may be substituted 
by various substituents, for example, halogen atoms, or 
alkyl, alkoxy, alkylthio, acyl or nitro groups. 

In the general formula (I), A represents a hydrogen 
atom; a hydroxy group; a nitro group; a cyano group; an 
alkyl group such as methyl, ethyl, propyl, isopropyl, 
butyl, pentyl, hexyl, heptyl, octyl, dodecyl, or the like; 
an alkenyl group such as vinyl, propenyl, butenyl, or 
the like; an alkynyl group such as propargyl, or the like; 
an alkadienyl group such as 1,3-butadienyl, 1,3-penta 
dienyl, or the like; a cycloalkyl group such as cyclopen 
tyl, cyclohexyl, cycloheptyl, or the like; a cycloalkenyl 
group such as cyclopentenyl, cyclohexenyl, or the like; 
a cycloalkadienyl group such as cyclopentadienyl, cy 
clohexadienyl, or the like; an aryl group such as phenyl, 
naphthyl, or the like; an acyl group such as formyl, 
acetyl, propionyl, isovaleryl, caproyl, enanthoyl, cap 
ryloyl, palmitoyl, stearoyl, acryloyl, cyclohexanecarbo 
nyl, benzoyl, phenylglycyl, furoyl, thenoyl, or the like; 
an aralkyl group such as benzyl, phenethyl, or the like; 
an acyloxyalkyl group such as acetyloxyethyl, pivaloy 
loxymethyl, benzoyloxymethyl, or the like; an alkoxy 
group such as methoxy, ethoxy, propoxy, butoxy, or the 
like; a cycloalkyloxy group such as cyclopentyloxy, 
cyclohexyloxy, cycloheptyloxy, or the like; an aryloxy 
group such as phenoxy, naphthoxy, or the like; an alk 
oxycarbonyl group such as methoxycarbonyl, ethox 
ycarbonyl, propoxycarbonyl, butoxycarbonyl, or the 
like; a cycloalkyloxycarbonyl group such as cyclopen 
tyloxycarbonyl, cyclohexyloxycarbonyl, cyclohep 
tyloxycarbonyl, or the like; an aryloxycarbonyl group 
such as phenoxycarbonyl, (1- or 2-)naphthoxycarbonyl, 
or the like; an aralkoxycarbonyl group such as ben 
zoyloxycarbonyl, phenethoxycarbonyl, or the like; an 
alkylsulfonyl group such as methanesulfonyl, ethanesul 
fonyl, propanesulfonyl, butanesulfonyl, or the like; a 
cycloalkylsulfonyl group such as cyclopentanesulfonyl, 
cyclohexanesulfonyl, or the like; an arylsulfonyl group 
such as benzenesulfonyl, (1- or 2-)naphthalenesulfonyl, 
or the like; a carbamoyl group such as carbamoyl, N 
alkylaminocarbonyl (e.g. N-methylaminocarbonyl, N 
ethylaminocarbonyl, N-propylaminocarbonyl, N 
butylaminocarbonyl, or the like), N-arylaminocarbonyl 
(e.g. N-phenylaminocarbonyl, or the like), N,N-dialk 
ylaminocarbonyl (e.g. N,N-dimethylaminocarbonyl, 
N,N-diethylaminocarbonyl, or the like), cyclic amino 
carbonyl (e.g. pyrrolidinocarbonyl, piperidinocarbonyl, 
morpholinocarbonyl, or the like); a thiocarbamoyl 
group such as thiocarbamoyl, N-alkylaminothiocarbo 
nyl (e.g. N-methylaminothiocarbonyl, N-ethylamino 
thiocarbonyl, N-propylaminothiocarbonyl, or the like), 
N-arylaminothiocarbonyl (e.g. N-phenylaminothiocar 
bonyl, or the like), N,N-dialkylaminothiocarbonyl (e.g. 
N,N-dimethylaminothiocarbonyl, N,N-diethylamino 
thiocarbonyl, or the like), or cyclic aminothiocarbonyl 
(e.g. pyrrolidinothiocarbonyl, piperidinothiocarbonyl, 
morpholinothiocarbonyl, or the like); an acylcarbamoyl 
group such as N-acetylcarbamoyl, N-propionylcarbam 
oyl, N-butyrylcarbamoyl, N-benzoylcarbamoyl, N 
furoylcarbamoyl, N-thenoylcarbamoyl, or the like; an 
acylthiocarbamoyl group such as N-acetylthiocarbam 
oyl, N-propionylthiocarbamoyl, N-butyrylthiocarbam 
oyl, N-benzoylthiocarbamoyl, N-naphthoylthiocarbam 
oyl, N-furoylthiocarbamoyl, N-thenoylthiocarbamoyl, 
or the like); an alkylsulfonylcarbamoyl group such as 
methanesulfonylaminocarbonyl, ethanesul 
fonylaminocarbonyl, butanesulfonylaminocarbonyl, or 
the like; an arylsulfonylcarbamoyl group such as ben 
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6 
zenesulfonylaminocarbonyl, (1- or 2-)naphthalenesul 
fonylaminocarbonyl, or the like; an alkylsulfonylthi 
ocarbamoyl group such as methanesulfonylaminothi 
ocarbonyl, ethanesulfonylaminothiocarbonyl, butane 
sulfonylaminothiocarbonyl, or the like; an arylsulfonyl 
thiocarbamoyl group such as benzenesulfonylaminothi 
ocarbonyl, naphthalenesulfonylaminothiocarbonyl, or 
the like; a sulfamoyl group such as sulfamoyl, N 
methylsulfamoyl, N-ethylsulfamoyl, N-propylsulfam 
oyl, N-butylsulfamoyl, N,N-dimethylsulfamoyl, N,N- 
diethylsulfamoyl, N,N-dipropylsulfamoyl, N,N- 
dibutylsulfamoyl, N-phenylsulfamoyl, N-benzylsulfam 
oyl, N-cyclopentylsulfamoyl, N-cyclohexylsulfamoyl, 
or the like; an alkoxycarbonylthioalkyl group such as 
methoxycarbonylthiomethyl, ethoxycarbonylthi 
omethyl, propoxycarbonylthiomethyl, butoxycarbonyl 
thiomethyl, methoxycarbonylthioethyl, or the like; an 
alkoxythiocarbonylthioalkyl group such as methoxythi 
ocarbonylthiomethyl, ethoxythiocarbonylthiomethyl, 
propoxythiocarbonylthiomethyl, butoxythiocarbonyl 
thiomethyl, methoxythiocarbonylthioethyl, or the like; 
an amino group such as amino, N-alkylamino (e.g. N 
methylamino, N-ethylamino, N-propylamino, N 
butylamino, or the like), N,N-dialkylamino (e.g. N,N- 
dimethylamino, N,N-diethylamino, N,N-dibutylamino, 
or the like), N-acylamino (e.g. N-acetylamino, N-pro 
pionylamino, N-butyrylamino, N-benzoylamino, or the 
like), or cyclic amino (e.g. pyrrolidino, piperidino, mor 
pholino, or the like); or a heterocyclic group such as 
thiazolyl, pyridyl, pyridazyl, pyrazyl, thiadiazolyl, tri 
azolyl, tetrazolyl, quinolyl, or the like. Each of the 
groups mentioned above for A in formula (I) may be 
substituted by any of such substituents as, for example, 
halogen atoms, hydroxyl groups, alkyl groups, alkoxy 
groups, alkylthio groups, nitro groups, cyano groups, 
amino groups (e.g. dialkylamino, cyclic amino, etc.), 
carboxyl groups, acyl groups, etc. 
The quaternary ammonium groups for R' include 

pyridinium, quinolinium, isoquinolinium and 
pyrimidinium. Further, the organic group which is 
linked through O, Nor S for Rincludes alkoxy groups 
such as methoxy, ethoxy, propoxy, etc.; aryloxy groups 
such as phenoxy, naphthoxy, etc.; aralkoxy groups such 
as benzoyloxy, phenethoxy, etc.; acyloxy groups such 
as acetyloxy, propionyloxy, butyryloxy, benzoyloxy, 
naphthoyloxy, cyclopentanecarbonyloxy, cyclohex 
anecarbonyloxy, furoyloxy, thenoyloxy, etc.; car 
bamoyloxy groups such as carbamoyloxy, N 
methylaminocarbonyloxy, N,N-dimethylaminocar 
bonyloxy, N-acetylaminocarbonyloxy, phenylamino 
carbonyloxy, benzylaminocarbonyloxy, cyclohex 
ylaninocarbonyloxy, etc.; guanidino groups such as 
guanidino, N-methylguanidino, etc.; amino groups such 
as amino, N-alkylamino (e.g. N-methylamino, N 
ethylamino, N-propylamino, N-butylamino, N 
cyclohexylamino, N-phenylamino, etc.), N,N-dialk 
ylamino (e.g. N,N-dimethylamino, N,N-diethylamino, 
N,N-dibutylamino, etc.), and cyclic amino (e.g. pyr 
rolidino, piperidino, morpholino, etc.); alkylthio groups 
such as methylthio, ethylthio, propylthio, etc.; arylthio 
groups such as phenylthio, (l- or 2-)naphthylthio, etc.; 
aralkylthio groups such as benzylthio, phenethylthio, 
etc.; acylthio groups such as acetylthio, propionylthio, 
butyrylthio, benzoylthio, (1- or 2-)naphthoylthio, cy 
clopentanecarbonylthio, cyclohexanecarbonylthio, fur 
oylthio, thenoylthio, isothiazolecarbonylthio, isox 
azolecarbonylthio, thiadiazolecarbonylthio, triazolecar 
bonylthio, etc.; thiocarbamoylthio groups such as thi 
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ocarbamoylthio, N-methyl-thiocarbamoylthio, N,N- 
diethylthiocarbamoylthio, 1-piperidino-thiocarbo 
nylthio, 1-morpholinothiocarbonylthio, 4-methyl-1- 
piperazinothiocarbonylthio, etc.; alkoxythiocarbo 
nylthio groups such as methoxythiocarbonylthio, 
ethoxythiocarbonylthio, propoxythiocarbonylthio, 
butoxythiocarbonylthio, etc.; aryloxythiocarbonylthio 
groups such as phenoxythiocarbonylthio, etc.; cycloalk 
yloxythiocarbonylthio groups such as cyclohexyloxy 
thiocarbonylthio, etc.; amidinothio groups such as 
amidinothio, N-methylamidinothio, N,N'-dime 
thylamidinothio, etc.; and heterocycle thio groups such 
as oxazolylthio, thiazolylthio, isoxazolylthio, isothiazo 
lylthio, imidazolylthio, pyrazolythio, pyridylthio, 
pyrazinylthio, pyrimidinylthio, pyridazinylthio, quino 
lylthio, isoquinolylthio, quinazolylthio, indolylthio, 
indazolylthio, oxadiazolylthio, thiadiazolylthio, triazo 
lylthio, tetrazolylthio, triazinylthio, benzimidazolylthio, 
benzoxazolylthio, benzothiazolylthio, triazolopyri 
dylthio, purinylthio, pyridine-1-oxide-2-ylthio, pyrida 
zine-1-oxide-6-ylthio, etc. Each of the groups men 
tioned above for R may be substituted by any of such 
substituents as, for example, halogen atoms, alkyl 
groups, alkoxy groups, alkylthio groups, nitro groups, 
cyano groups, acylamino groups, acyl groups, carboxyl 
groups, carbamoyl groups, etc. 
By the term "aryl" and its root "ar", Applicants in 

tend univalent aromatic hydrocarbon radicals having 
the free valence at ring atom. By the term "acyl', Ap 
plicants intend the carboxylic acyl radical. By the term 
"cyclic amino' is meant a saturated heterocyclic amine 
whose free valence is attached to a ring amino nitrogen. 
The above-mentioned compounds of formula (I) of 

the present invention have their optical isomers, and all 
of D-isomers, L-isomers and racemic compounds 
thereof are involved in the scope of the present inven 
tion. 

In the present invention, preferable compounds of the 
general formula (I) are as follows: 

O (Ia) 
A. 

A M S 
A-N Na-C-NHaCH-CONH N 

Z. 
yA O Rs - N o1 

(R2 R) 
COOR1 

O (Ib) 
W 
W V S 

AN N-C-NH-CH-CONH N 
Z. 

y A E R - O (R2 R3) N1 
COOR 

O (Ic) 

A V S 
A-N N-C-NH-CH-CONH N 

A? k 2. a N 

o? o? N1 (R2 R) 
COOR 

8 
-continued 

O (Id) 
W 
A M S 

5 A-N ---out N Z. s ya & R - N 
(R2 R3) 

COOR 

10 O O (I W A e) 
/ M S 

AN in-cont N Z 15 ya & R - N 
(R2 R) 

COOR 

wherein R, R2, R, A, Rand > Z are as defined above. 
20 The compounds of formula (I) of the present inven 

tion are produced according to either the process (1), 
(2) or (3) described below. 

25 Process (1) 
A process comprising reacting a compound repre 

sented by the general formula (II), 

S 

---out N 2. N o? N1 
COOR 

(II) 

35 
with a reactive derivative in the 

-C-OH 

Y 

group (hereinafter referred to as "(thio)carboxyl 
group') of a compound represented by the general 
formula (III), 

45 

(X) (III) 

50 AN N--oh 
Y 

(R2 R) 

55 Process (2) 
A process comprising reacting a compound repre 

sented by the general formula (IV), 

60 S (IV) 

r-in- N 2. 
o? N1 

65 COOR 

with a compound represented by the general formula 
(V), 
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(X) (V) 

AN 

yA 
(R2 R), 

N-C-NHa-R-C-OH 

Y O 

or with a reactive derivative in the 

-C-OH 

O 

group (hereinafter referred to as "carboxyl group') of 
the compound of formula (V). 

Process (3) 
A process comprising reacting a compound repre 

sented by the general formula (VI), 

(X) (VI) 

S 

A-N in-cont yA Y N CHB o? 2. 
(R2 R)n 

COOR 

with a compound represented by the general formula 
(VII), 

R8M (VII) 

or with a tertiary amine. 
In the above-mentioned formulas (II) to (VI), R, R, 

R,R,R, X, m, n, A, Y and > Z are as defined above; 
and R7 represents a hydrogen atom, a silicon-containing 
group or a phosphorus-containing group, these silicon 
containing and phosphorus-containing groups having 
the same meanings as mentioned above for R. 

In the aforesaid formula (VI), B represents a substitu 
ent capable of being easily replaced by a nucleophilic 
reagent, and includes, for example, halogen atoms such 
as chlorine, bromine, etc.; lower alkanoyloxy groups 
such as formyloxy, acetoxy, propionyloxy, butyryloxy, 
pivaloyloxy, etc.; arylcarbonyloxy groups such as ben 
zoyloxy, naphthoyloxy, etc.; arylcarbonylthio groups 
such as benzoylthio, naphthoylthio, etc.; carbamoyloxy 
groups; heteroaromatic amine N-oxide thio groups hav 
ing a thio group on the carbon atom adjacent to the 
N-oxide group in the molecule, such as pyridine-1- 
oxide-2-ylthio, pyridazine-1-oxide-6-ylthio, etc. Each of 
the groups mentioned above for B may be substituted 
by any of such substituents as, for example, halogen 
atoms, nitro groups alkyl groups, alkoxy groups, alkyl 
thio groups, acyl groups, etc. 

10 

5 

20 

25 

30 

35 
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In formula (VII), R represents a cyano group, an 
azido group or an organic group linked through O, Nor 
S, and this organic group is the same as mentioned 
above for R. 

In the formula (VII), M represents a hydrogen atom, 
an alkali metal or an alkaline earth metal. The tertiary 
amine used in the process (3) includes pyridine, quino 
line, isoquinoline, pyrimidine, etc. These tertiary amines 
may be substituted by various substituents such as halo 
gen, lower alkyl, carbamoyl and the like. 
As the compound (II), there may be used any of 

D-isomer, L-isomer or racemic compound. 
As the reactive derivative of the (thio) carboxyl 

group of the compound of formula (III), there is used a 
reactive derivative of a carboxylic acid which is ordi 
narily employed for the synthesis of acid amide com 
pounds. Examples of the reactive derivative are acid 
halides, acid azides, acid cyanides, mixed acid anhy 
drides, active esters, active amides, etc. Particularly 
preferable examples thereofare acid halides such as acid 
chlorides, acid bromides, etc., and active esters such as 
cyanomethyl ester, trichloromethyl ester, etc. 
The reactive derivative of the (thio) carboxyl group 

of the compound of formula (III) can be easily obtained 
by reacting, for example, an oxopiperazine or thioxopip 
erazine of formula (VIII) synthesized according to the 
process of the literature references described below, 
with phosgene, thiophosgene, trichloromethyl ester of 
chloroformic acid, or the like. 

(X) (VIII) 

An-N NH 

yA 
(R2 R) 

wherein A, X, R2, R, m and n are as defined previ 
ously. Literature references: 
W. G. Granik, Khim-Farm. Zh, I(4), 16-19 (1967) 

(Russ); 
Samuel R. Aspinall, J. An. Chem. Soc., 62, 1202-4 

(1940); 
Kuniyoshi MASUZAWA, Pharm. Bull. (Japan), 38 
2078-2081 (1966); 

Arthur P. Phillips, Ger. 1135472, Aug. 30, (1962); 
J. L. Riebsomer, J. Org. Chem., 15 68-73 (1950); 
Jongkees, Rec. trav. Chim..., 27 305; 
Patric T. Izzo, J. Am. Chem. Soc., 81 4668–4670 (1959); 
and 

B. H. Chase & A. M. Downes, J. Chem. Soc., 
3874-3877 (1953). 
Concrete examples of the compound of formula 

(VIII) and the reactive derivative of (thio)carboxyl 
s group of the compound of formula (III) are as set forth 

in Table 1 and Table 2, respectively, but it is needless to 
say that these are not limitative. 
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TABLE 1-continued 

(X) 

AN NH (VIII) 

(R2 R’) 

m.p. (recry 
stallization R 

Compound solvent) (cm) 
O 80-81 C. (PE) wCEO 1660, 1620 
f uNH 3250 

CH3(CH2)5CH2CON NH 

O 83-84 C. (IPE) wCEO 1660, 1620 
A. wNH 3250 

CH3(CH2)4CH2CON NH 

O 99-100' C. (CCI) CeO 1660, 1620 
A. NH 3250 

CH3(CH2)3CH2CON NH 

O 203-205" C. (IPA) wCEO 1670, 620 
A. VNH 3250 

(E)-con NH 

O 91-93 C. (IPA) CEO 1640, 1600 
A. NH32SO 

(O)-CON NH 

O 146-148" C. (IPA) viceO 650, 620 
A. NH 3200 

C-O)-CON NH 
\ / 

O 118-120' C. (IPA) C=O 1660, 1620 
- NH 3200 

CH-O)-CON NH 

O 182-185" C. (IPA) uCsO 1670, 1600 
CH3O A. NH 3200 

co-O-co NH 
CHO 

O Oily material uCEO 1630, 1620 
C A. NH 3200 

c-G-con NH 

14 
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TABLE 1-continued 
(X) 

AN NH (VIII) 

(R2 R)m 

m.p. (recry 
stallization IR 

Compound solvent) (cm) 
O O CEO 1630 
W un3300 
? M 157-58 C. ( ) 

(C)-CH-N NH \ / O 

O CH3 Oily material CO 1700 
W ( NH 3400-3250 

H2NCO-N NH 

O b.p. 183-185 C/2 mmHg vC=O 1620 
W 

HOCH2CH2-N NH 

O Oily material CaO 1650 
y- wNH 3300 

CH2=CHCH-N NH 

O Oily material 84 CO 1620 
y- NH 3300 

CH=CH-N NH 
bH, \/ 

O Oily material CEO 1640 
W VNH 3300 

CH=CH-N NH 
CH3 \-/ 

O Oily material uCO 1660 
y- NH 3350 

H=CHCH- NH 
CH3 \-/ 

O Oily material CaO 1630 
W NH 3300 

O NCH-N NH 

O 184-185 C. (EtOH) wcasO 1690-650 
A. NH 3190, 3050 

CH3CO-N NH 

22 
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TABLE 2 

Reactive derivatives of A-N 

(X) 

yA 

4,379,152 

N-COH (III) 

(R R)n 

Compound Physical property 1.R. (cm) 
O Oily material vco 1790, 1710, 

A. 1640 

CH3CO-N N-COC 

O vco 1790, 
A. 1730-1650 

CCH2CO-N N-COC 

O A. vco 1790, 
A. 30-16SO 

C2CHCO-N N-COC 

O p vco 1740, 1660, 
A 1640 

CH3(CH2)3CH2CO-N N-COC 

O VC-0 1740, 
A. 1680-1640 

CH3(CH2)5OHCO-N NearCOC 

O P. VClo 1740, 
A. 1680-60 

CH3(CH2)CH2CO-N NeCOC 

O y vco 1790, 1710, 
A. 1640 

CH3(CH2)3CH2CO-N N-COC 

O pa vco 1790, 1730, 
f 1640 

(E)-co-N N-COC 

O Af vco 1740, 1660, 
A. 1630 

(O)-co-N NCOC 

O p vo 740, 1640 
A. 

C-O)-co-N N-COC 

30 
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TABLE 2-continued 

(X) 

R 
Reactive derivatives of A-N N-COH (III) 

(R2 R’) 

Compound Physical property I.R. (cm) 

vco 1730, 650 

CH-O)-co-N N-COC 

O P yco 1740, 1640 
CHyO 

CH COmN NaCOC 

CHO 

O f Vco 1720, 1640 
C 

C Comen Nascoc. 

\-/ 

CH3 O wco 1790, 170, 

)- 640 
CH3CO-N NCOC 

O woo 1790, 1700 
VSO 1320, 1140 

CHSO-N NCOC 

\-/ 

O VClo 1790, 
1720-1660 

CH3CONHCO-N N-COC 

O P vco 740, 1720, 
650 

O)-NHCO-N N-COC 

O y vo 750, 1720, 
60 

/- 
CHCHOCO-N N-COC 

\-/ 

O y vco 1740-1720, 
1670 

(CH3)3CCOOCH-N N-COC 

32 
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TABLE 2-continued 

(X) 
Y 

Reactive derivatives of A-N N-COH (III) 

(R2 R) 

Compound Physical property I.R. (ca) 
O t vo 790, 720 

- 
CH3(CH2)4CH-N NinoccC 

V-/ 
O t wco 1790, 1720 

? 
CH3(CH2)CHN NCOC 

vco 790, 720 

- 
CH3(CH2)CH-N NCOC 

CH3 

FA VCo 790, 1720 

CHy(CH2)6CH-N NuCOC 

O rap. 13-16 C, WC0 l720, 660 
W (decomp.) 

HN Nancoc (from O) 
\-/ 
O CHy Crystal vco 1730, 1670 
V ( 

HN NCOC 

CH3 

O P wo. 1720, 1660 
V 

HN N-COC 

CH3 

O CHCOOCH2CH3 mp. 59-60" C. wco 1710-730, 
)-( (from IPE) 1660 

HN N-COC 

\-/ 
CHy m.p. 98-100' C, vco 1725, 1630 

/ ( (from G) 
HN N-COC 
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"TABLE 2-continued 

(X) 

Reactive derivatives of A-N 

ya 

4,379,152 

N-COH (III) 

(R2 R’) 

Compound Physical property. ... I.R. (cm). 
O CH3 Oily material vco 1720, 1690 

CH3CO-N 

CH3-N 

N-COC 

O y 

N-COC 

O 

CH3CH-N 

W 

C 
y 

O A. 

W 

N-COC C 
ve 

N-COC 

N-COC 

s 
N-COC 

f 

N-COC 

f 

N-COC 

t y 
N-COC 

vco 1790, 1740 
1700 

woo 1710, 1630 

vco 1730, 1650 

vc-01730, 1650 

vc-01720, 1640 

vco 1730, 1640 

VC 720, 1640 

vc-01730, 1640 

VC-01730, 1640. 
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TABLE 2-continued 

4,379,152 

(X) 
Y 

Reactive derivatives of A-N N-COH (III) 

(R2 R3) 

Compound Physical property I.R. (cm) 

O vco 1720, 1640 
V 

CH3(CH2)6CH2-N NarCOC 

O P vco 1720, 1640 

CH3(CH2)CH2- N-COC 

O vco 1730, 1640 
W 

E)-N N-COC 

O CH3 vco 1730, 1640 
W ( 

CH3(CH2)2CH2-N N-COC 

O w VClo 1720, 1640 
W 

CH3(CH2)2CH2-N N-COC 

CH3 

O py vo 730, 1650 

W 

HN N-COC 

HNCO-N N-COC 

m.p. 105-107" C. 

Oily material 

a 

vco 730, 1650 

vco 1720, 1645 

vco 1700-1740 

38 
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TABLE 2-continued 

O) 
?y 

Reactive derivatives of A-N N-COH (III) 

(R2 R) 

Compound Physical property I.R. (cm) 
O WCo 1730, 
V 1660-630 

HOCHCH-N NeoC 

f uC 720, 60 

CHECHCH-N N-COC 

vco 1730, 1650 

CH-CHH-N NCOC 
ths \-/ 

wco 1730, 650 

CH-CH,- NCOC 
bH, \-/ 

vco 1730, 650 

CH3CH r 
CHCH-N NCOC 

\-/ 
(trans-) 

O m.p. 150' C. VCo l870, 720 
V (decomp.) 

O N-CH-N NeCOC 

O Oily material Vco 1790, 
- 720-67) 

CH3CO-N Narco C 

\-/ 
Af 
O 

O Fu VCo 790, 1710, 
f 60 

(O)-co-N NCOC 
\-/ 
f 

O 

O P vco l90, 
0-60 

CH-N NaCOC 

O 
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TABLE 2-continued. 

4,379,152 

(X) 

Reactive derivatives of A-N N-COH (III) 

(R2 R)n 

Compound Physical propert I.R. (cm) 
O O Y vco 1780, 
V. A 1720-640 

CH3(CH2)5CH2- N-COC1 

O O VClo 1780, 
W A 720-1640 

CH3(CH2)6CH2- N-COC 

O O Crystal VC-01775, 
y- 1660-620 

CH2=CHCH-N N-COC 

O O y vco 785, 
W A 720-1650 

()-N NCOC 

O O Oily material VC. 1790, 1720, 
W A 1680 

CICH2CH2-N N-COC 

O O m.p. 65-70' C. vco 1785, 1680 
W A (decomp.) 

CH3CH2-N N-COC 

CH3 

O O m.p. 100-101" C. vco 1725, 1675 
W A. (decomp.) 

CH3CH-N N-CsCl 

O m.p. 180-181" C. vco 740, 1695 

y () 
HN N-COC 

A. 
O 

m.p. 160-165 C. vco 1740, 1670 
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TABLE 2-continued 

(X) 
Y 

Reactive derivatives of Aase-N 

yA 
Compound Physical property 

N-COH (III) 

I.R. (cm) 
Oily material 

O y () 
C0 800, 750, 

170 

Cl3CCH2OCO-N N-COC 

A. 
O 

O m.p. 185-187° C. vco 1730, 1690 
W (decomp.) 

HN N-COC 

A. 
O 

Oily material WCo 750, 
10-1685 

O 
W CH3 

HN N-COC 

A. 
O 

vco 1735, 1725, 
1710, 1675 

O 
W CH3 

(O)-CH-N N-COC 
f 

O 

Note: 
EtO = CH3CHOCHCH 
AcOBu = CH3COO(CH2)3CH3 

The compound represented by the general formula 
(V) can be easily obtained by reacting, for example, a 
salt with an alkali metal, an alkaline earth metal or a 
nitrogen-containing organic base of an amino acid (VII) 
(any of D-isomer, L-isomer and racemic compound) 
represented by the general formula (VII) 

HN-R-COOH (VII) 

wherein R is as defined previously, with a reactive 
derivative in the (thio)carboxyl group of a compound 
represented by the general formula (III) in a solvent 
inert to the reaction in the presence of an acid-binding 
agent. Preferable examples of the compound of formula 
(V) are D-isomers, L-isomers and racemic compounds 
of the following compounds, though it is needless to say 
that the examples are not limitative: 
a-(4-Acetyl-2-oxo-1-piperazinocarbonylamino)- 

phenylacetic acid 
a-(4-Chloroacetyl-2-oxo-1-piperazinocarbonylamino)- 

phenylacetic acid 
a-(4-Dichloroacetyl-2-oxo-1-piperazinocar 

bonylamino)phenylacetic acid 

50 

55 

65 

a-(4-Palmitoyl-2-oxo-1-piperazinocarbonylamino)- 
phenylacetic acid 

a-(4-Caproyl-2-oxo-1-piperazinocarbonylamino)- 
phenylacetic acid 

a-(4-Capryloyl-2-oxo-1-piperazinocarbonylamino)- 
phenylacetic acid 

o-(4-Enanthoyl-2-oxo-1-piperazinocarbonylamino)- 
phenylacetic acid 

a-(4-Cyclohexanecarbonyl-2-oxo-1-piperazinocar 
bonylamino)phenylacetic acid 

a-(4-Benzoyl-2-oxo-1-piperazinocarbonylamino)- 
phenylacetic acid 

a-(4-p-Chlorobenzoyl-2-oxo-1-piperazinocar 
bonylamino)phenylacetic acid 

a-(4-p-Methoxybenzoyl-2-oxo-1-piperazinocar 
bonylamino)phenylacetic acid 

a-4-(3,4,5-Trimethoxybenzoyl)-2-oxo-1-piperazinocar 
bonylaminophenylacetic acid 

a-4-(2,4-Dichlorobenzoyl)-2-oxo-1-piperazinocar 
bonylaminolphenylacetic acid 

a-(4-Acetyl-3-methyl-2-oxo-1-piperazinocar 
bonylamino)phenylacetic acid 
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a-(4-Ethyl-2,3-dioxo-1-piperazinocarbonylamino)-2- 
thienylacetic acid 

a-(4-n-Propyl-2,3-dioxo-1-piperazinocarbonylamino)-2- 
thienylacetic acid 

a-(4-n-Butyl-2,3-dioxo-1-piperazinocarbonylamino)-2- 
thienylacetic acid 

a-(2,2-Pentamethylene-3,5-dioxo-1-piperazinocar 
bonylamino)phenylacetic acid 

a-(4-Benzyl-2,2-pentamethylene-3,5-dioxo-1- 
piperazinocarbonylamino)phenylacetic acid 

a-(4-6,3,3-Trichloroethoxycarbonyl-2,2-pentamethy 
lene-3,5-dioxo-1-piperazinocarbonylamino)phenyla 
cetic acid 

ot-(3,5-Dioxo-1-piperazinocarbonylamino)phenylacetic 
acid 

a-(2-Methyl-2-phenyl-3,5-dioxo-1-piperazinocar 
bonylamino)phenylacetic acid 

a-(4-Benzyl-2-methyl-3,5-dioxo-1-piperazinocar 
bonylamino)phenylacetic acid 

a-(4-Methyl-2,3-dioxo-1-piperazinocarbonylamino)- 
phenylacetic acid 
As the reactive derivative in the carboxyl group of 

the compound represented by the general formula (V), 
there is used a reactive derivative of a carboxylic acid 
which is ordinarily used in the synthesis of acid amides. 
Such reactive derivative includes, for example, acid 
halides, acid anhydrides, mixed acid anhydrides with 
organic or inorganic acids, active acid amides, acid 
cyanides, active esters, etc. Particularly, acid chlorides, 
mixed acid anhydrides and active acid amides are pref. 
erable. Examples of the mixed acid anhydrides are 
mixed acid anhydrides with substituted acetic acids, 
alkyl carbonic acids, aryl carbonic acids and aralkyl 
carbonic acids; examples of the active esters are cyano 
methyl esters, substituted phenyl esters, substituted 
benzyl esters, substituted thienyl esters, etc.; and exam 
ples of the active acid amides are N-acyl saccharins, 
N-acyl imidazoles, N-acyl benzoylamides, N,N-dicy 
clohexyl-N-acylureas, N-acyl sulfonamides, etc. 

5 

O 

20 
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Compounds of formula (VI) can be obtained by, for 40 
example, process (1) or (2). Some of the compounds 
obtained by process (3) can further be used as the start 
ing compounds in process (3). Any of D-, L- and race 
mic compounds of formula (VI) may be used. 
The modes of practice of the processes (1), (2) and (3) 45 

are explained below. 
The processes (1) and (2) may be carried out under 

substantially the same conditions. That is, the com 
pound of formula (II) or (IV) is dissolved or suspended 
in at least one inert solvent selected from, for example, 
water, acetone, tetrahydrofuran,tioxane, acetonitrile, 
dimethylformamide, methanol, ethanol, methoxyeth 
anol, diethyl ether, isopropyl ether, benzene toluene, 
methylene chloride, chloroform, ethyl acetate, methyl 
isobutyl ketone and the like. The resulting solution or 
suspension is reacted with a reactive derivative of the 
compound of formula (III), or with the compound of 
formula (V) or a reactive derivative in the carboxyl 
group of the compound of formula (V) in the presence 
or absence of a base at a temperature in the range from 
-60 to 80 C., preferably from -40' to 30' C. The 
reaction time is ordinarily 5 minutes to 5 hours. Exam 
ples of the base used in the above reaction are inorganic 
bases such as alkali hydroxides, alkali hydrogenicarbon 
ates, alkali carbonates, alkali acetates, etc.; tertiary 
amines such as trimethylamine, triethylamine, tributyl 
amine, pyridine, N-methylpiperidine, N-methylmor 
pholine, lutidine, collidine, etc.; and secondary amines 

55 

60 

SO 
such as dicyclohexylamine, diethylamine, etc. When the 
compound of formula (V) is used in the form of a free 
acid or salt in the process (2), the reaction of the process 
(2) may be effected in the presence of a dehydrating 
condensing agent such as N,N-dicyclohexylcarbodiim 
ide, N-cyclohexyl-N'-morpholinoethyl carbodiimide, 
N,N'-diethyl carbodiimide, N,N'-carbonyl di(2- 
methylimidazole), a trialkyl ester of phosphorus acid, 
ethyl ester of polyphosphoric acid, phosphorus oxy 
chloride, phosphorus trichloride, 2-chloro-1,3,2-dioxa 
phospholane or oxazolyl chloride. The salt of the com 
pound of formula (V) includes alkali metal salts, alkaline 
earth metal salts, ammonium salts, and salts with or 
ganic bases such as trimethylamine, dicyclohexylamine 
and the like. 
The process (3) is carried out in the manner described 

below. 
When B in the formula (VI) is a group other than a 

hetero aromatic N-oxide thiogroup having a thio group 
on the carbon atom adjacent to the N-oxide group in the 
molecule, the compound of formula (VI) is reacted with 
the compound of formula (VII) or a tertiary amine in at 
least one solvent selected from, for example, water, 
methanol, ethanol, propanol, isopropanol, butanol, ace 
tone, methyl ethyl ketone, methyl isobutyl ketone, tet 
rahydrofuran, dioxane, acetonitrile, ethyl acetate, me 
thoxyethanol, dimethoxyethane, dimethylformamide, 
dimethyl sulfoxide, dichloromethane, chloroform, a 
dichloroethane, and the like. The above-mentioned 
reaction is preferably effected in a strongly polar sol 
vent such as water or the like. In this case, the pH of the 
reaction solution iadvantageously maintained at 2 to 10, 
preferably 4 to 8. The desired pH may be attained by 
addition of a buffer solution such as sodium phosphate. 
The reaction conditions are not particularly limited, 
though the reaction is ordinarily conducted at 0 to 100' 
C. over a period of several hours to tens hours. When B 
in the formula (VI) is a hetero aromatic N-oxide thio 
group having a thio group on the carbon atom adjacent 
to the N-oxide group in the molecule, the compound of 
formula (VI) is reacted with the compound of formula 
(VII) in the above-mentioned solvent in the presence of 
a cupric compound. This reaction is particularly useful 
where an alcohol is used such as methyl alcohol, ethyl 
alcohol, propyl alcohol, isopropyl alcohol, n-butyl alco 
hol, benzyl alcohol, ethylene glycol or the like as the 
compound of formula (VII). In this case, the reaction 
proceeds smoothly by using an excess of the alcohol per 
se to allow it to act as the reaction medium, too. The 
cupric compound used in this process includes organic 
and inorganic ones, such as cupric chloride, bromide, 
fluoride, nitrate, sulfate, borate, phosphate, cyanide, 
formate, acetate, propionate, citrate, tartarate, beno 
zate, salicylate and the like. The amount of the cupric 
compound used is preferably mole per mole of the 
compound of formula (VI). The reaction temperature 
and the reaction time may be varied depending upon the 
kinds of compound of formula (VI), cupric compound 
and compound of formula (VII), though they are usu 
ally selected from the range of 0 to 100 C. and the 
range of several minutes to several days, respectively. 
The reaction conditions to be adopted in the pro 

cesses (1), (2) and (3) are not limited to those mentioned 
above, and can be properly varied depending upon the 
kinds of reaction reagents. 

Further, the non-toxic salts of the general formula (), 
in which R is a salt-forming cation, can be easily ob 
tained according to an ordinary procedure from com 
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TABLE 5-1 
Staphylococcus aureus 

Compound Ms 8619 Ms 8588 MS 873 Ms 8596 Ms 86.84 F-1 F.2 F.3 F-4 F.5 
Control Sodium 

Ampicillin <0.4 6.25 3.3 56 1S6 12.5 0.79 12.5 50 
Sodium 
Carbenicillin 0.79 6.25 6.25 6.25 6.25 6.25 3.3 3, 13 12.5 200 
Sodium 
Sulbenicillin 3.3 3.13 3.13 3.13 3.13 6.25 3.3 6,2S 6.25 200 

Compound No. 1 1.57 6.25 3.13 3.13 3.13 12.S 3.3 6.25 200 
Compound No. 13 0.79 3.3 3.3 3.13 3.13 12.5 57 6.25 200 
Compound No. 14 0.79 3.3 3.13 3.13 3.13 12.S. S. 6.25 2OO 
Compound No. 16 (0.4 3.3 3.13 3.3 3.3 6.25 0.79 5.2S OO 
Compound No. 30 & 0.4 1.5 1.57 1.57 157 3.3 0.79 0.79 3.3 OO 
Compound No. 36 0.79 3.3 6.25 3.3 3.13 12.S 3.3 1.57 6.25 200 
Compound No. 37 0.79 3.3 2.5 3.3 3.3 12.5 1.57 3.13 6.25 200 
Compound No. 38 0.79 3.3 6.25 3.3 3.3 6.25 .57 0.79 6.25 200 
Compound No. 39 0.79 1.5 3.3 157 3.3 6.25 57 1.57 6.25 200 
Compound No. 40 0.79 3.3 2.5 3.3 3.3 6.25 3.3 0.79 6.25 200 
Compound No. 45 0.79 3.3 6.25 3.3 3.3 6.25 157 1.57 6.25 200 
Compound No. 46 <0.4 157 6.25 3.3 57 6.25 .57 0.79 6.25 200 
Compound No. 47 <0.4 3.3 6.25 3.3 3.3 6.25 57 1.57 12.5 200 

TABLE S-2 
Escherichia coli 

(Compound GN 348 GN 3435 GN 3452 GN 3465 GN 361 K-1 K-2 K-3 K-4. 
Control Sodium 

Ampicillin 6.25 3.13 6.25 > 200 6.25 6.25 - 200 2.5 
Sodium 
Carbenicillin 6.25 6.25 2.5 > 200 200 6.25 6.25 200 2.5 
Sodium 
Sulbeniciin 12.5 6.25 2.5 > 200 200 6.25 12.5 200 6.25 

Compound No. 1 12.5 6.25 2S 200 6.25 2S 200 2.5 
Compound No. 13 6.25 3.3 3.3 25 3.3 6.25 100 6.25 
Compound No. 14 6.25 6.25 6.25 50 3.3 12.5 OO 6.25 
Compound No. 16 3.13 1.57 57 12.5 1.5 3.3 50 3.13 
Compound No. 30 25 12.S. 25 50 200 2.5 25 > 200 2.5 
Compound No. 36 3.13 1.57 3.3 100 200 3.3 3.3 200 1.57 
Compound No. 37 6.25 3.13 2.5 200 200 12.5 6.25 200 3.13 
Compound No. 38 3.13 0.79 3.3 SO 200 3.3 3.3 200 0.79 
Compound No. 39 57 0.79 0.79 25 200 1.57 .57 200 0.79 
Compound No. 40 57 0.79 1.57 50 200 1.57 3.13 200 0.79 
Compound No. 45 s 0.9 1.57 25 200 0.79 .57 200 0.79 
Compound No. 46 3.13 <0.4 0.79 6.25 200 0.79 0.79 50 & 0.4 
Compound No. 47 57 0.79 1.57 6.25 200 57 57 100 0.79 

TABLE 5-3 
Pseudonoras aeruginosa 

Compound GN 1035 GN 376 GN 82 GN221 GN 0.91 GN 2565 GN 2987 GN 63 GN 244 GN 383 
Control Sodium 200 200 200 >00 200 200 200 200 200 200 

Ampicillin 
Sodium 200 50 OO 25 100 200 50 SO SO 50 
Carbenicillin 
Sodium 100 50 50 25 SO 00 25 50 50 SO 
Sulbenicillin 

Compound No. 1 100 25 25 25 25 50 25 25 25 50 
Compound No. 13 50 SO 50 50 25 50 2.5 25 SO 50 
Compound No. 14 SO 50 25 25 25 50 2. 25 SO 50 
Compound No. 6 25 25 6.25 25 2.5 12.5 3.3 2S 12.5 25 
Compound No. 9 100 2.5 12.5 12.5 2.5 50 2.5 2.5 25 12.5 
Compound No. 30 SO 50 25 so 25 so 12S 25 50 50 
Compound No. 36 25 6.25 6.25 3.13 6.25 25 12.5 6.25 12.5 6.25 
Compound No. 37 50 2.5 6.25 6.25 2.S 2S 25 2.5 50 25 
Compound No. 38 2.5 3.13 3.13 6.25 3.13 12.5 6.25 3.13 6.25 6.25 
Compound No. 39 12.5 6.25 3.3 3.13 3.3 12.5 3.3 3.13 6.25 6.25 
Compound No. 40 25 3.13 6.25 6. 6.25 12.5 3.3 6.25 6.25 6.25 
Compound No. 45 50 25 2.S 3.13 2.5 25 12.5 2.5 25 25 
Compound No. 46 50 25 6.25 2.5 2.5 12.5 6.25 S.2S 12.5 s 
Compound No. 47 25 SO 2.5 25 2.5 25 12.5 12.5 25 50 
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TABLE 5-4 
Pseudomonas aeruginosa Klebsiella pneumoniae 

Compound S-1 S-2 S-3 S-4 GN 417 GN 4081 GN 3850 GN 97 

Control Sodium >200 >200 >200 >200 >200 >200 50 25 
Ampicillin 
Sodium 200 200 200 200 >200 >200 >200 
Carbenicillin 
Sodium 00 100 00 OO >200 >200 >200 200 
Sulbenicillin 

Compound No. 1 50 100 50 50 200 >200 25 25 
Compound No. 13 50 50 100 50 25 25 6.25 12.S 
Compound No. 14 50 50 100 50 50 SO 12.5 25 
Compound No. 16 12.5 25 50 25 25 25 3.13 2.5 
Compound No. 19 SO 50 50 50 >200 >200 100 50 
Compound No. 30 SO 50 100 SO 100 100 25 25 
Compound No. 36 SO 12.5 25 50 100 00 12.5 6.25 
Compound No. 37 200 25 50 100 100 200 25 12.5 
Compound No. 38 12.5 2.5 12.5 12.5 50 SO 6.25 3.13 
Compound No. 39 12.5 12.5 25 12.5 25 25 3.3 1.57 
Compound No. 40 12.5 25 25 12.5 50 100 12.5 6.25 
Compound No. 45 25 25 50 25 25 25 3.13 1.57 
Compound No. 46 SO SO 50 SO 2.5 2.5 1.57 0.79 
Compound No. 47 50 S0 50 50 12.S 12.5 3.13 .57 

TABLE S-5 
Salmonella 

Shigella sonnei - - Shigella flexneri - - Salmonella syphi typhi-murium - 
Compound JS 1755 JS 232 JS 1215 JS 1839 SL 269 SL 89 SL 236 SL 858 

Control Sodium 6.25 >200 1.57 0.78 1.56 >200 3.13 
Ampicillin 
Sodium 12.5 >200 >200 2.5 3.13 6.2S >200 12.5 
Carbenicillin 
Sodium >200 >200 >200 12.5 1.57 6.25 >200 25 
Sulbenicillin 

Compound No. 1 12.5 >200 100 3.13 6.25 6.25 >200 2.5 
Compound No. 13 3.13 12.5 12.5 1.57 3.13 6.25 200 0.79 
Compound No. 14 6.25 25 25 3.13 3.13 6.25 200 57 
Compound No. 16 57 6.25 6.25 0.79 1.57 3.3 100 1.57 
Compound No. 36 3.13 50 OO 3.13 1.57 .57 >200 6.25 
Compound No. 37 6.25 100 >200 6.25 3.3 6.25 >200 2.5 
Compound No. 38 3.13 50 25 1.57 0.79 57 200 3.3 
Compound No. 39 157 25 25 0.79 0.79 0.79 100 0.79 
Compound No. 40 3.13 50 50 3.13 1.57 1.57 >200 6.25 
Compound No. 45 1.57 25 25 1.57 0.79 1.57 200 0.79 
Compound No. 46 0.79 2.5 6.25 0.79 0.79 1.57 50 <0.4 
Compound No. 47 0.79 6.25 6.25 57 1.57 3.3 ... SO <0.4 

TABLE 5-6 TABLE 5-6-continued 
Proteus 45 Proteus 

Compound mirabilis morgani vulgaris rettgeri Compound mirabilis morgani vulgaris rettgeri 
Control Sodium < 1.57 (1.57 <.5 200 Compound No. 36 <0.4 <0.4 C04 12.5 

Ampicillin Compound No. 37 0.79 0.79 k0.4 25 
Sodium 0.8 0.4 0.8 >200 Compound No. 38 <0.4 <0.4 C04 12.S 
Carbenicillin 50 Compound No. 39 <0.4 <0.4 a0.4 6.25 
Sodium 0.79 C0.4 <0.4 >200 Compound No. 40 <0.4 0.79 <0.4 6.25 
Sulbenicillin Compound No. 45 <0.4 0.79 <0.4 6.25 

Compound No. 16 .56 1.56 0.8 6.25 Compound No. 46 (0.4 <0.4 K0.4 3.13 
Compound No. 30 3.3 3.3 3.13 12.5 Compound No. 47 <0.4 CO,4 <0.4 0.79 

TABLE 6-1 
- Spects acres - 

Compound MS869 MS 8588 MS 873 MS8596 MS 86.84 F-1 F-2 F-3 F-4 F-5 

Control Sodium 
Cephaloglycin 1.56 3.3 3.13 1.56 S6 3.13 1.56 1S6 3.3 25 
Sodium 
Cephalothin <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 (0.4 (0.4 (0.4 1.56 

b Sodium 
Cephazolin <0.4 (0.4 C04 <0.4 <0.4 0.78 (0.4 (0.4 (0.4 0.78 
Cephalorizine <0.4 <0.4 <0.4 <0.4 C04 <0.4 (0.4 (0.4 <0.4 0.78 

Compound No. 60 0.78 1.56 0.78 0.78 1.56 3.3 0.78 S6 .56 SO 
Compound No. 61 .56 1.56 1.56 56 1.56 3.3 .56 .56 3.13 so 
Compound No. 62 0.78 1.56 1.56 0.78 1.56 3.13 0.78 1.56 .56 2.5 
Compound No. 63 0.78 1.56 1.56 S6 1.56 3.13 0.78 1.56 .56 12.S 
Compound No. 68 0.78 1.56 3.13 1.56 1.56 .S6 1.56 0.78 6.25 0.78 
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TABLE 6-1-continued 
--Stop occusatires - 

Compound MS869 MS 8588 MS 8713 MS 8596 MS 8.684 F. F-2 F-3 F-4 F-5 

Compound No. 69 0.78 1.56 S6 1.56 .S6 3.13 S6 0.78 3,13 0.78 
Compound No. 72 S6 1.S6 3.3 S6 1.S6 - 
Compound No. 73 1.56 1.36 ur 3.3 S6 1.56 - - 
Compound No. 74 0.78 0.78 - 0.78 0.78 0.78 O ra -- 
Compound No. 77 1.56 S6 1.36 S6 1.56 -- --- 
Compound No. 78 1.56 3.3 3.3 56 3.3 - O- - 
Compound No. 79 1.56 3.3 - 3.13 1.S6 1.56 -- - - 
Compound No. 82 1.56 3.3 3.3 1.56 3.3 - O- - 

TABLE 6-2 
Escherchia coli 

Compound GN 348 GN 343S GN 3452 GN 346s GN 361 K. K-2 K-3 K-4. 

Control Sodium 
Cephaloglycin 3.13 1.56 3.3 12.5 25 S6 1.56 25 12S 
Sodium 
Cephalothin 12.S 6.25 2.5 2S 50 6.25 6.25 00 25 
Sodium 
Cephazolin S6 1S6 S6 6.25 25 .56 S6 200 3.3 
Cephalorizine 3.13 3.3 3,13 50 100 3.3 3.3 200 6.25 

Compound No. 60 6.25 6.25 12.5 00 >200 6,2S 12S 200 25 
Compound No. 61 3.13 3.13 6.25 50 200 3, 13 6.25 100 6.25 
Compound No. 62 6.25 6.25 6.25 2S 200 6.2s 12.S 200 2.5 
Compound No. 63 3.13 3.3 12.5 25 100 3.13 6,2S SO 6.25 
Compound No. 72 - 0. 0.2 1.56 ----- 0.39 --- 0.39 
Compound No. 73 - 0.78 0.78 .56 - 1S6 0.78 
Compound No. 74 - 0.78 1.56 1S6 m - 3.13 1.56 
Compound No. 77 - 1.56 1.56 6.25 O -- 3.13 -- 1.56 
Compound No. 78 - 0.39 0.39 1.56 - 0.78 --- 0.39 
Compound No. 79 - 0.39 0.39 3.3 -- 1.56 0.78 
Compound No. 82 - S6 S6 6,2S - - 6.25 SS 

TABLE 6-3 
Pseudomonas aeruginosa 

Compound GN 1035 GN 376 GN 82 GN221 GN 09 GN256S GN 2987 GN 163 GN 244 GN 32 

Control Sodium 
Cephaloglycin >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 
Sodium 
Cephalothin >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 
Sodium 
Cephazolin >200 >200 >200 >200 >200 >200 >200 >200 >200 >200 
Cephalorizine >200 >200 >200 200 >200 >200 200 >200 >200 >200 

Compound No. 60 200 50 50 12.5 so OO 50 SO so So 
Compound No. 61 100 12.S 25 6.2S 25 SO 25 25 25 2S 
Compound No. 62 200 100 100 50 100 100 50 50 100 100 
Compound No. 63 100 SO 50 25 50 SO 25 25 50 25 
Compound No. 68 50 12.5 6.25 3.13 2.5 50 12.5 12.5 25 12.S 
Compound No. 69 SO 12.5 12.S 6.25 2.5 50 2S 12S 25 2S 
Compound No. 72 25 6.2S 6.25 6.25 6.2S 2S -- 2.5 2S 
Compound No. 73 50 12.5 12.5 2.5 12.5 25 --- --- 12.S 12.S 
Compound No. 74 25 SO 25 50 25 50 2S 50 
Compound No. 77 50 25 25 12.S 25 50 - o 2S 25 
Compound No. 78 25 2.5 12.5 6.25 25 2.5 - um 2.5 25 
Compound No. 79 25 6.25 2.5 6.25 12.5 25 2.5 2.5 
Compound No. 82 SO 25 50 25 50 50 -- r so SO 

TABLE 6-4 
Pseudomonas aeruginosa Klebsiella pneumoniae 

Compound S. S-2 S-3 S-4 GN 417 GN 4081 GN 917 

Con- Sodium >200 200 200 200 3.13 3.3 1.56 
trol Cephaloglycin 

Sodium >200 200 - 200 200 6.25 12.5 3.3 
Cephalothin 
Sodium >200 -200 e200 200 3.13 3.3 S6 
Cephazolin 
Cephalorizine >200 200 200 200 12.5 12.5 3.13 

Compound No. 60 200 00 00 OO 25 25 6.25 
Compound No. 61 50 SO 50 50 2.5 12.5 6.25 
Compound No. 62 200 200 200 200 25 12.5 6,2S 
Compound No. 63 100 00 00 00 6.25 6.25 3.13 
Compound No. 68 25 25 25 25 - D- 1.56 
Compound No. 69 25 25 50 50 - m 0.78 
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Pseudomonas aeruginosa Klebsiella pneumoniae 
Compound S-1 S-2 S-3 S-4 GN 4117 GN 408 GN 97 

Compound No. 72 2,S O v- or S6 0.2 
Compound No. 73 50 w - - 1.56 0.78 
Compound No. 74 SO -- -- - - 1.S6 .56 

Compound No. 77 SO --- -- - s 3.13 1.56 

Compound No. 78 25 -- -- -- - 3.13 0.39 

Compound No. 79 2S -- onw 12.S 0.78 
Compound No. 82 100 V ----- a--- 6.2S S6 

TABLE 7-1-continued 
TABLE 6-S 1S Comparison of resistant activity 

Proteus - against Blactama 
Compound mirabilis morgani vulgaris retigeri Com d Relativity 
Sodium 
Cephaloglycin 3.13 1.56 50 S0 Compound No. 47 
Compound No. 60 3.3 3.13 S6 6.25 20 

8.Ev N 3. : is 2. (4) Resistant activity of each cephalosporin con 
Compound No. 63 3.3 3.3 1S6 3.3 pound against A-lactatase, Proteus vulgaris GN 76 and 
Compound No. 72 0.78 0.78 0.39 S6 Escherichia feundil GN 346: 
EN N l g 8: 8. 2. The resistant activity of each cephalosporin con 
ompound No. w Compound No. 77 S6 1.56 0.78 .56 25 pound against 3-lactamase was measured in the manner 

Compound No. 78 1.56 1.56 0.39 SS described below. w 
Compound No. 79 S6 1.56 0.39 3.3 f3-lactamase was prepared from Proteus vulgaris GN 
Compound No. 82 3,13 1S6 0.78 6.23 76 and Esherichia freundi GN 346. 10 ml of overnight Hammammaanumupump 

(3) Resistant activity against £8-lactamase, Pseudomo- 30 
nas aerugionsa GN 238: 
The resistant activity of each compound against g 

lactamase was measured in the manner described below. 
R-Lactamase was prepared from Pseudomonas aerugi 

nosa GN 238. This microorganism was cultured in 100 35 
ml of a medium containing 2 g of yeast extract, 10 g of 
polypeptone, 2 g of glucose, 7 g of disodium hydrogen 
phosphate, 2 g of potassium dihydrogen phosphate, 1.2 
g of ammonium sulfate and 0.4 g of magnesium sulfate, 
per liter, in a 500-ml Erlenmeyer flask for 6 hrs. at 37 C. 
with shaking. The resulting cells were collected by 
centrifugation (5,000 rp.m.X 10 min.), washed three 
times with 0.1 M phosphate buffer (pH 7.0). Subse 
quently, the cells were subjected to sonication (20 KHz, 
20 min.) and then centrifuged at 15,000 rp.m. for 60 45 
min. By using the supernatant of enzyme fluid, the resis 
tance of each compound against S-lactamase was deter 
mined by the iodometric assay method. The results 
obtained were as set forth in Table 7. Each numeral 
shown in Table 7 is a relative activity value calculated 
by assuming as 100 the activity of the control Potassium 
Penicillin G. 

40 

SO 

TABLE 7-1 
Comparison of resistant activity 

against S-lactanase 55 
Relative activity 

Compound (%) 
Control 
Potassium Penicillin G 100 
Sodium Ampicillin s 50 
Sodium Carbenicillin 116 
Sodium Sulbenicilin 50 
Compound No. 30 3 
Compound No. 36 14 
Compound No. 37 15 
Compound No. 38 15. 6S 
Compound No. 39 1S 
Compound No. 40 15 

16 
12 

Compound No. 45 
Compound No. 46 

culture in Heart Infusion broth was diluted with 100 m 
of a medium containing 2 g of yeast extract, 10 g of 
polypeptone, 2 g of glucose, 7 g of disodium hydrogen 
phosphate, 2 g of potassium dihydrogen phosphate, 1.2 
g of ammonium sulfate and 0.4 g of magnesium sulfate, 
per liter, and incubated with shaking at 37 C. After 
incubation of 2 hrs, Penicillin G (50 g/ml) was added 
as the inducer, and further incubated for 2 hrs. The 
resulting cells were collected by centrifugation (5,000 
r.p.m. X 10 min.), washed two times with 0.1 M phos 
phate buffer (pH 7.0). Subsequently, the cells were 
subjected to sonication (20 KHz, 5 min.) and then cen 
trifuged at 15,000 rp.m. for 60 min. By using the super 
natant of enzyme fluid, the stability of each compound 
against e-lactamase was determined by the iodometric 
assay method. The results obtained were as set forth in 
Table 7-2. Each numeral shown in Table 7-2 is a relative 
activity value calculated by assuming as 100 the activity 
of the control Cephalorizine. 

TABLE 7-2 
Comparison of relative activit inst 3-lactamale 

Relative activity (2) 
Pr. vulgaris Efendi 

Compound GN 76 GN 346 

Control 
Cephalorigine O 100 
Sodium Cephalexin SO 29 
Sodium Cephaloglycin 300 0.3 
Sodium Cephalothin 105 17 
Sodium Cephazoline 440 150 
Compound No. 63 6 0.2 
Compound No. 67 5 0.4 
Compound No. 69 4. 0. 
Compound No. 72 7 0.2 
Compound No. 73 4. 0. 
Compound No. 74 s 0.03 
Compound No. 76 1 
Compound No. 81 6 0.4 
Compound No. 84 O 

From Tables 3 to 6, it is understood that the con 
pounds of the present invention have a broader antibac 
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terial spectrum and more excellent antibacterial activity 
against not only Pseudomonas aeruginosa, Klebsiella 
pneumoniae, and Proteus species but also many drug 
resistant bacteria than the control ampicillin and cepha 
loglycin, i.e. compounds having an amino group at the 
a-position of the acyl group. It is also understood from 
Table 7-1 and Table 7-2 that the compounds of the 
present invention are far higher in resistance to 3-lacta 
mase than the control drugs. 
As is clear from the above results, the compounds 

represented by the formula (le), among the compounds 
of the present invention, show prominent effects, and 
particularly preferable compounds are those of the for 
mula (Ie), in which A represents a hydrogen atom, or an 
unsubstituted or substituted alkyl, alkenyl, aryl or aral 
kyl group; and R2 and R3 represent individually a hy 
drogen atom or an alkyl group. 
The present penicillins and cephalosporins have gen 

erally low toxicity. For example, 6-D(-)-a-(4-methyl 
2,3-dioxo-1-piperazinocarbonylamino)- 

O 

15 

phenylacetamidopenicillanic acid and 6-(D(-)-a-(4- 
ethyl-2,3-dioxo-1-piperazinocarbonylamino)- 
phenylacetamidolpenicillanic acid have LD50 (i.v. in 
mouse having a weight of 19+1 g) greater than 5 g/kg. 
The componds of formula (I) of the present invention 

may be administered not only in the form of free acids 
but also in the form of non-toxic salts or physiologically 
acceptable esters. Further, the compounds, which are in 
the form of physiologically unacceptable esters, are 
ordinarily put into uses after bringing them to the form 

25 

30 
of free acids or non-toxic salts by removing the ester 
forming group according to a conventional procedure 
known in this technical field. 
The compounds of the present invention can be ad 

ministered to humans and animals after formulating 
them into a physiological form such as tablet, capsule, 
syrup, injection or the like which is usually adopted in 
the case of penicillin and cephalosporin type drugs. 

Procedures for producing the compounds of the pres 
ent invention are shown below with reference to exam 
ples. 

EXAMPLE 1 

(1) To a mixture comprising 2.5 g of 1-acetyl-3-oxo 
piperazine, 3.45 g of triethylamine and 20 ml of anhy 

35 

45 
drous dioxane was added a solution of 3.71 g of trime 
thylchlorosilane in 10 ml of anhydrous dioxane. The 
resulting mixture was refluxed for 17 hours and cooled 
to deposit triethylamine hydrocloride, which was then 
removed by filtration. The filtrate was dropped at -40 
to -30 C, into a solution of 1.8g of phosgene in 30 ml 
of anhydrous methylene chloride. After the dropping, 
the resulting mixture was elevated in temperature, and 

50 

108 
reacted at room temperature for 30 minutes. Subse 
quently, the excess phosgene and the solvent were re 
moved by distillation under reduced pressure to obtain 
3.5 g of pale brown, oily 4-acetyl-2-oxo-1- 
piperazinocarbonyl chloride. 
IR (film) cm-l: voo 1790, 1710, 1640. 
(2) A suspension of 1.0 g of 6-D(-)-a-amino 

phenylacetamidopenicillanic acid in 20 ml of tetrahy 
drofuran containing 20% by volume of water was ad 
justed to a pH of 8.0 to 8.5 by gradual addition of trieth 
ylamine with stirring, and then cooled to O'C. Into the 
thus treated suspension was dropped a solution of 900 
mg of the aforesaid 4-acetyl-2-oxo-piperazinocarbonyl 
chloride in 5 ml of tetrahydrofuran at said temperature 
over a period of 30 minutes. During this period, the pH 
of the suspension was maintained at 7.5 to 8.0 by grad 
ual addition of triethylamine. Subsequently, the temper 
ature of resulting mixture was elevated to 5' to 10' C., 
and the mixture was reacted at said temperature for 1 
hour while maintaining the pH thereof at 7.5 to 8.0 by 
addition of triethylamine. After the reaction, the tetra 
hydrofuran was removed by reduced pressure distilla 
tion, and the residue was dissolved in a mixed solvent 
comprising 30 ml of ethyl acetate and 10 ml of water. 
The resulting solution was adjusted to a pH of 1.5 to 2 
by addition of dilute hydrochloric acid with ice-cool 
ing, and then the organic layer was separated off. The 
aqueous layer was re-extracted with 20 ml of ethyl 
acetate, and the resulting organic layer was combined 
with the aforesaid organic layer. The combined organic 
layer was washed with water, dried over anhydrous 
magnesium sulfate, and then ice-cooled. Into this or 
ganic layer was dropped a solution of 470 mg of a so 
dium salt of 2-ethylhexonic acid in 20 ml of ethyl acetate 
to deposit white crystals. The deposited crystals were 
collected by filtration, washed with ethyl acetate and 
then dried to obtain 1.4g of a sodium salt of 6-D(-)-a- 
(4-acetyl-2-oxo-1-piperazinocarbonylamino)- 
phenylacetamidopenicillanic acid, m.p. 205 C. (de 
comp.), yield 94%. 
IR (KBr) cm-l: voo 1760 (lactam), 1600-1700 

(-COOe, -CON<). 
NMR: (CD3)2SO--D2OT values: 2.73 (5H), 4.35 

(1H), 4.75 (2H), 5.75 (1H), 5.84 (2H), 6.42 (4H), 8.03 
(3H), 8.52 (3H), 8.64 (3H). 
The above-mentioned operation was repeated, except 

that the 4-acetyl-2-oxo-l-piperazinocarbonyl chloride 
was replaced by each of the reactive derivatives of 
compounds of formula (III) shown in Table 8, to obtain 
the respective objective compounds as shown in Table 
8. The structure of each objective compound was con 
firmed by IR and NMR. 

TABLE 8 

Reactive derivative of 
compound of formula (III) Objective compound 

D(-)- 

O O 
A. f 

S CH3 

CCHCO-N N-acOC CCHCO-N n-colour CH 3 
\-/ \-/ (Ö) e- N a O COON 

m.p. (decomp) 203-205 C., yield 73% 





4,379,152 
111 112 

TABLE 8-continued 
Reactive derivative of 
compound of formula (III) Objective compound 

O O 
A A. 

S CH3 CH3(CH2)CH-N N-COC CH3(CH2)2CH2-N -colour l CH 
- V- a N 

() o1 COONa 
m.p. (decomp.) 158-16 l' C., yield 69% 
D(-)- 

O O 
f W 

V S CH3 
CH3(CH2)2CH-N N-COC CH3(CH2)2CH2-N n-colour CH 

3. \-( \-( e- N - 
CH3 CH3 (Ö) O COONa 

m.p. (decomp.) 188-190" C., yield 81% 
D(-)- 

O O 
A. A. 

A S CH3 
CH3(CH2)6CH2-N N-COC CH3(CH2)6CH2-N n-colour CH 

3 \ / \-/ e - N 
2 

O COONa 

m.p. (decomp.) 132-134' C., yield 63% 
D(-)- 

O O 
A. A. 

S CH3 
(CH3)3CCOOCH-N N-COC (CH3)3CCOOCH-N n-colour CH 3 

\-/ \-/ (Ö) en- N a 
O COONa 

m.p. (decomp.) 218 C., yield 80% 

EXAMPLE 2 

(1) Into a solution of 1.74 g of a sodium salt of D(-)- 
a-aminophenylacetic acid in 30 ml of tetrahydrofuran 
containing 20% by volume of water which had been 
cooled to O. C., a solution of 2.5g of 4-acetyl-2-oxo-1- 
piperazinocarbonyl chloride in 5 ml of tetrahydrofuran 
was dropped at said temperature over a period of 30 
minutes. During this period, the pH of the reaction 
solution was maintained at 11.0 to 12.0 by gradual addi 
tion of a 10% aqueous sodium hydroxide solution. Sub 
sequently, the temperature of the resulting mixed solu 
tion was elevated to 5' to 10 C., and the solution was 
reacted at room temperature for 2 hours while maintain 
ing the pH thereof at 10.0 to 11.0 by addition of a 10% 
aqueous sodium hydroxide solution. After the reaction, 
the tetrahydrofuran was removed by reduced pressure 
distillation. The residue was dissolved in a mixed sol 
vent comprising 20 ml of water and 50 ml of ethyl ace 
tate, and the resulting solution was adjusted to a pH of 
1.0 to 1.5 by addition of dilute hydrochloric acid with 

SO 

55 

65 

ice-cooling. Subsequently, the organic layer was sepa 
rated off, washed with water and then dried over anhy 
drous magnesium sulfate. To this organic layer, a solu 
tion of 1.66 g of a sodium salt of 2-ethylhexonic acid in 
20 ml of ethyl acetate was added to deposit white crys 
tals. The deposited crystals were collected by filtration, 
sufficiently washed with ethyl acetate and then dried to 
obtain 1.89 g of a sodium salt of D(-)-a-(4-acetyl-2- 
oxo-1-piperazinocarbonylamino)phenylacetic acid, m.p. 
115 C. (decomp.), yield 52%. 
IR (KBr) cm-l; vico 1690, 1650-1600. 
(2) To a suspension in 15 ml of anhydrous acetone of 

833 mg of the above-mentioned sodium salt of D(-)-a- (4-acetyl-2-oxo-1-piperazinocarbonylamino)phenyla 
cetic acid was added 10 mg of N-methylmorpholine. 
The resulting mixture was colled to -20' to -15 C., 
and a solution of 286 mg of ethyl chlorocarbonate in 5 
ml of anhydrous acetone was dropped into said mixture 
over a period of 5 minutes. Subsequently, the mixture 
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was stirred at said temperature for 60 minutes. Into the 
thus treated mixture, a solution of 646 mg of a triethyl 
amine salt of 6-aminopenicillanic acid in 30 ml of anhy 
drous methylene chloride was dropped at -40' to 
-30' C. over a period of 10 minutes. Thereafter, the 
mixture was reacted with stirring at -30 to -20 C. 
for 60 minutes, at -20' to -10 C. for 30 minutes, and 
at - 10 to 0' C. for 30 minutes. After the reaction, the 
organic solvent was removed by reduced pressure dis 
tillation. The residue was dissolved in a mixed solvent 
comprising 50 ml of ethyl acetate and 20 ml of water, 
and the resulting solution was adjusted to a pH of 1.5 to 
2.0 by addition of dilute hydrochloric acid with ice 
cooling. Subsequently, the organic layer was separated 
off, sufficiently washed with water and then dried over 
anhydrous magnesium sulfate, and the ethyl acetate was 
removed by reduced pressure distillation. The residue 
was dissolved in 50 ml of acetone, and the resulting 
solution was mixed with a solution of 340 mg of a so 
dium salt of 2-ethylhexonic acid in 20 ml of acetone 
with ice-cooling to deposit white crystals. The depos 
ited crystals were collected by filtration, sufficiently 
washed with acetone and then dried to obtain 1.16 g of 
a sodium salt of 6-D(-)-a-(4-acetyl-2-oxo-l- 
piperazinocarbonylamino)phenylacetamidopenicil 
lanic acid, m.p. 205 C. (decomp.), yield 94%. 

EXAMPLE 3 

(1) To a mixture comprising 1.0 g of 1-palmitoyl-3- 
oxo-piperazine, 0.6 g of triethylamine and 20 ml of an 
hydrous dioxane was added a solution of 0.65 g of trime 
thylchlorosilane in 10 ml of anhydrous dioxane. The 
resulting mixture was refluxed for 16 hours and cooled 
to deposit triethylamine hydrochloride, which was then 
removed by filtration. The filtrate was dropped at -40' 
to -30 C. into a solution of 0.6 g of phosgene in 30 ml 
of anhydrous methylene chloride. After the dropping, 
the temperature of the resulting mixture was elevated 
and the mixture was reacted at room temperature for 30 
minutes. Subsequently, the excess phosgene and the 
solvent were removed by reduced pressure distillation 
to obtain 1.1 g of pale yellow, oily 4-palmitoyl-2-oxo-1- 
piperazinocarbonyl chloride. 
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IR (film) cm-l: vollo 1740, 1660, 1640. 
(2) A suspension of 1.0 g of 6-(D(-)-a-amino 

phenylacetamidopenicillanic acid in 20 ml of tetrahy 
drofuran containing 20% by volume of water was ad 
justed to a pH of 8.0 to 8.5 by gradual addition of trieth 
ylamine with stirring, and then cooled to O'C. Into the 
thus treated suspension, a solution of 1.27g of the afore 
said palmitoyl-2-oxo-1-piperazinocarbonyl chloride in 5 
ml of tetrahydrofuran was dropped at said temperature 
over a period of 30 minutes. During this period, the pH 
of the suspension was maintained at 7.5 to 8.0 by grad 
ual addition of triethylamine. Subsequently, the temper 
ature of the resulting mixture was elevated to 5' to 10' 
C., and the mixture was reacted at said temperature for 
1 hour while maintaining the pH thereof at 7.5 to 8.0 by 
addition of triethylamine. After the reaction, the tetra 
hydrofuran was removed by reduced pressure distilla 
tion, and the residue was dissolved in a mixed solvent 
comprising 30 ml of ethyl acetate and 10 ml of water. 
The resulting solution was adjusted to a pH of 1.0 to 2.0 
by addition of dilute hydrochloric acid with ice-cool 
ing, and then the organic layer was separated off. The 
aqueous layer was re-extracted with 20 ml of ethyl 
acetate, and the resulting organic layer was combined 
with the aforesaid organic layer. The combined organic 
layer was washed with water, and dried over anhydrous 
magnesium sulfate. This organic layer was concentrated 
under reduced pressure to remove the solvent, and the 
concentrate was charged into 10 ml of diisopropyl ether 
to deposit crystals. Thereafter, the crystals were col 
lected by filtration to obtain 1.65 g of white crystals of 
6-D(-)-a-(4-palmitoyl-2-oxo-1-piperazinocar 
bonylamino)phenylacetamidopenicillanic acid, m.p. 
121-123' C. (decomp.), yield 80%. 
IR (KBr) cm; vo-o 1770 (lactam), 

(-COOH), 1660-1630 (-CON<). 
The above-mentioned operation was repeated, except 

that the 4-palmitoyl-2-oxo-1-piperazinocarbonyl chlo 
ride was replaced by each of the reactive derivatives of 
compounds of formula (III) shown in Table 9, to obtain 
respective objective compounds as shown in Table 9. 
The structure of each objective compound was con 
firmed by IR and NMR. 

1730 

TABLE 9 
Reactive derivative of 
compound of formula (III) Objective compound 

O D(-)- O 
A. 

S CH3 

CH3(CH2)5CH2CO-N N-COC CH3(CH2)5CH2CO-N n-colour CH 3 
\ / \-/ e- N 2 O COOH 

m.p. (decomp.) 151-153' C., yield 82% 

O D(-)- O 
A. 

S CH3 

CH3(CH2)3CH2CO-N N-COC) CH3(CH2)3CH2CO-N n-color CH 3 \-/ \-/ N - 6 o? COOH 
mp, (decomp.) 157-158' C., yield 83.3% 
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TABLE 9-continued 

Reactive derivative of 
compound of formula (III) Objective compound 

O - - O A. D(-) A. 

S CH 

O-NHCo-N N-COC O-NHCO-N n-colour C. 
\-/ \ / ($ e-N 3 O COOH 

m.p. (decomp.) 168-170', C., yield 83.3% 

O - O A. D(-) A. 

S CH3 

CH3CHOCO-N N-COC CH3CH2OCO-N n-colour CH 
\-/ V-/ e - N 3. 

O o? COOH 

m.p. (decomp.) 86 C., yield 91% 

solution containing 2.2 g of the aforesaid 4-methyl-3- 
EXAMPLE 4 oxo-1-piperazinocarbonyl chloride was dropped. Dur 

(1) To a solution of 6.4 g of 1-formyl-3-oxo-piperazine ing this period, the pH of the suspension was maintained 
in 10 ml of anhydrous dimethylformamide was added at 7.5 to 8.5 by gradual addition of triethylamine. Subse 
2.7 g of a sodium hydride (purity 53%) with ice-cool- quently, the resulting mixture was reacted at said tem 
ing, and the resulting mixture was reacted at room tem- perature for 30 minutes, and the temperature thereof 
perature for 1 hour. Subsequently, the mixture was was elevated to 10 to 15° C., after which the mixture 
incorporated with 7.1 g of methyl iodide and reacted for was further reacted at said temperature for 90 minutes 
10 hours. After the reaction, the dimethylformamide while maintaining the pH thereof at 7.5 to 8.0 by addi 
was removed by reduced pressure distillation to obtain tion of triethylamine. After the reaction, the tetrahydro 
1-formyl-4-methyl-3-oxo-piperazine. This piperazine furan was removed by distillation under reduced pres 
was dissolved in 70 ml of a 50% aqueous acetone solu- 35 sure, and the residue was dissolved in 30 ml of water. 
tion containing 2.2 g of sodium hydroxide, and the re- The resulting solution was washed with ethyl acetate, 
sulting solution was reacted at room temperature for 3 and then the aqueous layer was separated off. This aque 
hours. Thereafter, the solvent was removed by distilla- ous layer was ice-cooled and then adjusted to a pH of 
tion under reduced pressure, and the residue was 1.5 by addition of dilute hydrochloric acid to deposit 
charged into acetone to deposit insolubles. The insolu- '0 white crystals. The deposited crystals were collected by 
bles were separated by filtration, and the acetone was filtration, washed several times with a small amount of 
removed from the filtrate by distillation under reduced water, dried, and then dissolved in 100 ml of acetone. 
pressure. Subsequently, the residue was subjected to To the resulting solution was added 1.9 g of a sodium 
reduced pressure distillation to obtain 5.2 g of 1-methyl- salt of 2-ethylhexonic acid with ice-cooling to deposit 
2-oxo-piperazine, b.p. 104 C./4 mmHg, yield 91%. white crystals, which were then collected by filtration 

(2) Into a solution of 1.9 g of phosgene in 20 ml of to obtain 5.4 g of a sodium salt of 6-D(-)-a-(4-methyl 
anhydrous dioxane was dropped at 10 C. 20 ml of an 3-oxo-1-piperazinocarbonylamino)phenylacetamidol 
anhydrous dioxane solution containing 2.0 g of 1-meth- penicillanic acid, m.p. 195 C. (decomp.), yield 92%. 
yl-2-oxo-piperazine and 1.95 g of triethylamine, upon IR (KBr) cm-l: voo 1760 (lactam), 1600-1660 
which reaction took place to deposit white crystals of 50 (-CON<,-COOe). 
triethylamine hydrochloride. The deposited crystals NMR (CD3)2SO--D2Or values: 2.62 (5H), 4.48 
were removed by filtration, and the filtrate was concen- (1H), 4.56 (2H), 5.97 (3H), 6.63–6.39 (4H), 7.13 (3H), 
trated to dryness to obtain 3.0 g of pale yellow, oily 8.46 (3H), 8.55 (3H). 
4-methyl-3-oxo-1-piperazinocarbonyl chloride. The above-mentioned operation was repeated, except 
IR (film) cm-l: voo 1710, 1630. that the 4-methyl-3-oxo-1-piperazinocarbonyl chloride 
(3) A suspension of 4.0 g of 6-D(-)-a-amino- was replaced by each of the reactive derivatives of 

phenylacetamidopenicillanic acid in 40 ml of tetrahy- compounds of formula (III) shown in Table 10, to ob 
drofuran containing 20% by volume of water was ad- tain respective objective compounds as shown in Table 
justed to a pH of 8.0 to 8.5 by gradual addition of trieth- 10. The structure of each objective compound was 
ylamine with stirring, and then cooled to 0 C. Into the confirmed by IR and NMR. 
thus treated suspension, 10 ml of a tetrahydrofuran 

TABLE 10 

Reactive derivative of 
compound of formula (III) Objective compound 
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TABLE 10-continued 
Reactive derivative of 
compound of formula (III) Objective compound 
O O 
W W 

S CH HN N-COC HN N-CONHCHCONH 3. 
CH3 

)- )- a. N 
CH3 CH3 ($ O COON 

m.p. (decomp.) 216-218" C., yield 87% 

D(-)- 
O CH2COOCH2CH3 O CH2COOCH2CH3 

)-( )-( 
S CH3 

HN N-COC HN n-colour CH 3. \-/ \-/ - N 
2 

O COONa 
m.p. (decomp.) 200 C., yield 98% 

D(-)- 
O CH3 O CH3 

)-( )-( 
S CH3 HN N-COC HN NarCONHCHCONH 

CH3 W- ba- N 

o? COONa 
m.p. (decomp) 208" C., yield 75% 

EXAMPLE 5 

(1) A solution of 1.0 g of a sodium salt of D(-)-a- 
aminophenyl acetic acid in 20 ml of tetrahydrofuran 
containing 20% by volume of water was cooled to 0' to 
5' C. To this solution was added 1.2 g of 2-methyl-3- 
oxo-1-piperazinocarbonyl chloride over a period of 10 
minutes. During this period, the pH of the solution was 
maintained at 11.0 to 12.0 by gradual addition of a 10% 
aqueous sodium hydroxide solution. The solution was 
reacted at said temperature for 1 hour, and the tempera 
ture thereof was elevated to 5' to 10' C., after which the 
mixture was further reacted at said temperature for 2 
hours, while maintaining the pH thereof at 10.0 to 11.0 
by addition of a 10% aqueous sodium hydroxide solu 
tion. After the reaction, tetrahydrofuran was removed 
by distillation under reduced pressure, and the residue 
was dissolved in a mixed solvent comprising 20 ml of 
water and 50 ml of ethyl acetate. The resulting solution 
was adjusted to a pH of 1.5 by addition of dilute hydro 
chloric acid with ice-cooling, and then the organic layer 
was separated off. The aqueous layer was further ex 
tracted with 50 ml of ethyl acetate, and the resulting 
organic layer was combined with the aforesaid organic 
layer. The combined organic layer was washed with 
water and then dried over anhydrous magnesium sul 
fate. To this organic layer was added 0.9 g of a sodium 
salt of 2-ethylhexonic acid to deposit white crystals. 
The deposited crystals were collected by filtration and 
then dried to obtain 1.26 of white crystals of a sodium 
salt of D(-)-a-(2-methyl-3-oxo-1-piperazinocar 
bonylamino)phenylacetic acid, m.p. 215 C. (decomp.), 
yield 70%. 
IR (KBr) cm-l: vollo 1650-1590. 
(2) To a suspension in 15 ml of anhydrous acetone of 

1.0 g of the above-mentioned sodium salt of DC-)-a-(2- methyl-3-oxo-1-piperazinocarbonylamino)phenylacetic 
acid was added 10 mg of N-methylmorpholine. The 
resulting mixture was cooled to -20 to -15 C., and 

35 

45 
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a solution of 380 mg of ethyl chlorocarbonate in 5 ml o 
anhydrous acetone was dropped into said mixture ovel 
a period of 5 minutes. Subsequently, the mixture was 
stirred at said temperature for 60 minutes, and ther 
cooled to -40' to -30 C. Into the thus treated mixture 
was dropped a solution of 960 mg of a triethylamine sal 
of 6-aminopenicillanic acid in 10 ml of anhydrous meth 
ylene chloride over a period of 10 minutes. Thereafter, 
the mixture was reacted with stirring at -30 to -20' 
C. for 60 minutes, at -20' to -10 C. for 30 minutes, 
and at - 10' to 0' C. for 30 minutes. After the reaction, 
the organic solvent was removed by distillation under 
reduced pressure. The residue was dissolved in a mixed 
solvent comprising 20 ml of water and 50 ml of ethyl 
acetate, and the resulting solution was adjusted to a pH 
of 1.5 by addition of dilute hydrochloric acid with ice 
cooling. Subsequently, the organic layer was separated 
off, sufficiently washed with water and then dried over 
anhydrous magnesium sulfate. To this organic layer was 
added 0.5g of a sodium salt of 2-ethylhexonic acid with 
ice-cooling to deposit white crystals. The deposited 
crystals were collected by filtration, and then dried to 
obtain 1.39 g of a sodium salt of 6-D(-)-a-(2-methyl-3- oxo-1-piperazinocarbonylamino)phenylacetamido 
penicillanic acid, m.p. 208 C. (decomp.), yield 90%. 

In the same manner as above, 2.0 g of a sodium salt of 6-D(-)-a-(4-ethyl-3-oxo-1-piperazinocarbonylamino)- 
propionamidopenicillanic acid, m.p. 195' C. (decomp.), 
yield 86%, was obtained from 1.59 g of a sodium salt of D(-)-a-(4-ethyl-3-oxo-1-piperazinocarbonylamino)- 
propionic acid and 1.59 g of a triethylamine salt of 6 
aminopenicillanic acid. 
IR (KBr) cm-l: voo 1760 (lactam), 1680-1600 

(-CON<, -COOe). 
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EXAMPLE 6 

(1) Into a solution of 0.5 g of phosgene in 10 ml of 
anhydrous dioxane was dropped at 10 C. 10 ml of 
anhydrous dioxane containing 0.56 g of 1-allyl-2-oxo 
piperazine and 0.5g of triethylamine, upon which reac 
tion took place to deposit white crystals of triethylam 
ine hydrochloride. Subsequently, the deposited crystals 
were collected by filtration, and the filtrate was concen 
trated to dryness to obtain 800 mg of pale yellow, oily 
4-allyl-3-oxo-1-piperazinocarbonyl chloride. 
IR (film) cm-l: voo 1720, 1640. 
(2) A suspension of 1.4 g of 6-D(-)-a-amino 

phenylacetamidopenicillanic acid in tetrahydrofuran 
containing 20% by volume of water was adjusted to a 
pH of 8.0 to 8.5 by gradual addition of triethylamine 
with stirring, and then cooled to 0 C. Into the thus 
treated suspension was dropped 10 ml of a tetrahydrofu 
ran solution containing 800 mg of the aforesaid 4-allyl 
3-oxo-1-piperazinocarbonyl chloride. During this per 
iod, the pH of the suspension was maintained at 7.5 to 
8.5 by gradual addition of triethylamine. Subsequently, 
the resulting mixture was reacted at said temperature 
for 30 minutes, and the temperature thereof was then 

Reactive derivative of 

compound of formula (III) 

5 

10 

5 
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elevated to 10' to 15 C., after which the mixture was 
further reacted at said temperature for 90 minutes while 
maintaining the pH thereof at 7.5 to 8.0 by addition of 
triethylamine. After the reaction, the tetrahydrofuran 
was removed by distillation under reduced pressure, 
and the residue was dissolved in 20 ml of water. The 
resulting solution was washed with ethyl acetate, and 
the aqueous layer was then separated off. This aqueous 
layer was ice-cooled and adjusted to a pH of 1.5 by 
addition of dilute hydrochloric acid to deposit white 
crystals. The deposited crystals were collected by filtra 
tion, sufficiently washed with water and then dried to 
obtain 1.8 g of 6-D(-)-a-(4-allyl-3-oxo-1- 
piperazinocarbonylamino)phenylacetamidopenicil 
lanic acid, m.p. 92 C. (decomp.), yield 90%. 
IR (KBr) cm-l: voo 1760 (lactam), 1720-1620 

(-COOH, -CON<). 
The above-mentioned operation was repeated, except 

that the 4-allyl-3-oxo-1-piperazinocarbonyl chloride 
was replaced by each of the reactive derivatives of 
compounds of formula (III) shown in Table 11, to ob 
tain respective objective compounds as shown in Table 
ll. The structure of each objective compound was 
confirmed by IR and NMR. 

TABLE 1 

Objective compound 

O D(-)- O 
W W 

S CH3 

CH=CHH-N N-COC Chi-Chih-n n-colour CH 3 &H, \-/ &H, \/ e-N 
O COOH 

m.p. (decomp.) 02 C., yield 80% 

O D(-)- O 
W W 

S CH3 

CH=CH-N N-COC CH=CH-N n-colour CH 3 CH3 \-/ CH3 \-/ a N 
O COOH 

m.p. (decomp) 90' C., yield 85% 

O D(-)- O 

CHCH y M CHCH y 3. 3 
S CH3 

HCCH-N N-COC HCCH-N n-colour CH 3 \-/ \-/ e- N - 
(trans-) (trans-) 6 o? COOH 

m.p. (decomp) 95 C, yield 84% 

O D(-)- O 
W V 

S CH3 
CH3(CH2)4CH-N N-COC CH3(CH2)4CH2-N n-colour CH 3 \-/ \ / ear N - (5) o? COOH 

m.p. (decomp.) 128-130 C, yield 97% 
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bonylamino)phenylacetamido)-penicillanic acid, m.p. 
140' C, (decomp.), yield 80%. 
IR (KBr) cm-l: vo-o 1740-1770 (lactam, ester) 

1630-1670 (-CON<). 
EXAMPLE 9 

(1) Into a mixture comprising 8.0 g of 4-acetyl-2,5- 
dioxo-piperazine, 5.0 of triethylamine and 100 ml of 
anhydrous tetrahydrofuran was dropped 6.0 g of trime 
thylchlorosilane with stirring at room temperature. 
After the dropping, the resulting mixture was reacted at 
said temperature for 2 hours to deposit triethylamine 
hydrochloride. The deposited hydrochloride was sepa 
rated by filtration, and the filtrate was dropped at 0' to 
5' C. into 100 ml of an anhydrous tetrahydrofuran solu 
tion containing 10.0 g of phosgene. After completion of 
the dropping, the resulting mixture was stirred at 10' to 
15 C. for 3 hours to terminate the reaction. Subse 
quently, the tetrahydrofuran and the excess phosgene 
were removed by distillation under reduced pressure to 
obtain 11.0 g of oily 4-acetyl-2,5-dioxo-1-piperazinocar 
bonyl chloride. 

(2) A suspension of 17.5 g of 6-(D(-)-a-amino 
phenylacetamidopenicillanic acid in 200 ml of tetrahy 
drofuran containing 20% by volume of water was ad 
justed to a pH of 8.0 to 8.5 by gradual addition of trieth 
ylamine with stirring at 10' to 15 C. to form a homoge 
neous solution. Into this solution was dropped a solution 
of 11.0 g of the aforesaid 4-acetyl-2,5-dioxo-1- 
piperazinocarbonyl chloride in 30 ml of tetrahydrofuran 
at 0°C, over a period of 30 minutes. During this period, 
the pH of the reaction solution was maintained at 7.5 to 
8.0 by gradual addition of triethylamine, Subsequently, 
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the temperature of the resulting mixed solution was 
elevated to 5' to 10' C. and the solution was further 
reacted for 1 hour while maintaining the pH thereof at 
7.5 to 8.0 by addition of triethylamine. After completion 
of the reaction, the tetrahydrofuran was removed by 
distillation under reduced pressure. To the residue was 
added 100 cc of N hydrochloric acid at 0' to 10' C., and 
the resulting mixture was stirred for 30 minutes to de 
posit white crystals. The deposited crystals were col 
lected by filtration, and again suspended in water. The 
resulting aqueous suspension was adjusted to a pH of 8.0 
by gradual addition of triethylamine at 5' to 10' C., and 
then freed from insolubles by filtration. The filtrate was 
adjusted to a pH of 1.5 by gradual addition of N hydro 
chloric acid to deposit crystals. The deposited crystals 
were collected by filtration, washed with water and 
then dried to obtain 21.2 g of 6-D(-)-a-(4-acetyl-2,5- 
dioxo-1-piperazinocarbonylamino)phenylacetamido 
penicillanic acid, m.p. 162-164 C. (decomp.), yield 
80%. 
IR (KBr) cm-l: voo 1770 (lactam), 1730-1660 

(-COOH, -CON<). 
NMR (CD3)2CO) T values: 0.23 (1H), 2.65 (SH), 4.26 

(1H), 4.33-4.63 (2H), 5.38 (4H), 5.68 (1H), 7.55 (3H), 
8.47 (3H), 8.53 (3H). 
The above-mentioned operation was repeated, except 

that the 4-acetyl-2,5-dioxo-1-piperazinocarbonyl chlo 
ride was replaced by each of the reactive derivatives of 
compounds of formula (III) shown in Table 12, to ob 
tain respective objective compounds as shown in Table 
12. The structure of each objective compound was 
confirmed by IR and NMR. 

TABLE 12 

Reactive derivative of 
compound of formula (III) Objective compound 

O D(-)- O 
W 

S CH3 
(C)-co-N N-COC (O)-co-N N-CONHCHCONH y CH3 

/ / 6 e-N COOH 
mp, (decomp) 88 C., yield 60% 

O D(-)- O 
A. A. 

S CH3 
CH3-N NCOC CH3-N N-CONHCHCONH 

f CH3 

/ / e-N COOH 
m.p. (decomp.) 79-181" C., yield 83% 

O D(-)- O 
A. A. 
M A V S CH 

(O)-CH-N N-COC (C)-CH-N Nam CONHCHCONH CH3 
A- V- N 
/ o? COOH 

m.p. (decomp) 88" C., yield 82% 
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TABLE 12-continued 
Reactive derivative of 
compound of formula (III) Objective compound 

O Ps) 
V V 

S CH HN N-COC HN N-CONHCHCONH C. 
\-/ \-/ 3 

Af e-N COOH O O 

m.p. 214-215 C., yield 89.6% 

O D(-)- 
W O 

V 
HN N-COC ? V S CH3 

HN Na-CONHCHCONH \-/ CH3 
Af \-/ e- N 
O / o1 COOH 

m.p. (decomp.) 76-81. C., yield 84.4% 

D(-)- 

O CH3 O CH3 
W W 

S CH HN N-COC HN N-CONHCHCONH 

\-/ \-/ 3 
A A. e-N COOH O O 

m.p. (decomp.) 148-151' C., yield 92% 
D(- O (-)- O 

W W 

S CH3 (O)-CH-N N-COC1 (o)-CH-N N-CONHCHCONH 
CH \-/ \-/ N 

/ A. o? COOH 

m.p. (decomp.) 94-100' C., yield 91% 

d(- O (-)- O 
W W 

S CH3 Cl3CCHOCO-N N-COC Cl3CCH2OCO-N N-CONHCHCONH C 
3 \-/ \-/ N 

/ / o? COOH 
m.p. (decomp) 120-125" C., yield 92% 

D(-)- 

O CH3 O CH3 
V W 

S CH3 

(O)-CH-N N-COC (O)-CH-N n-colour CH 3 \-/ \-/ e- N 
A. O COOH O O 

mp, (decomp) 147-149' C, yield 89% 

EXAMPLE 10 
(1) A suspension of 8.0 g of D(-)-a-aminophenyl 

acetic acid in 80 ml of tetrahydrofuran was adjusted to 
a pH of 11.5 by gradual addition of a N sodium hydrox 

65 ide solution with stirring to form a homogeneous solu 
tion. This solution was cooled to 0 C., and 15 ml of a 
tetrahydrofuran solution containing 11 g of 4-acetyl-2,5- 
dioxo-1-piperazinocarbonyl chloride was dropped at 
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said temperature into said solution over a period of 30 
minutes. During this period, the pH of the reaction 
solution was maintained at 10.5 to 11.0 by gradual addi 
tion of a N sodium hydroxide solution. Subsequently, 
the temperature of the resulting mixed solution was 
elevated to 5' to 10' C., and the mixture was further 
reacted for 1 hour, upon which D(-)-a-aminophenyla 
cetic acid deposited. After completion of the reaction, 
the deposited acid was separated by filtration, and the 
filtrate was concentrated under reduced pressure to 
remove tetrahydrofuran. The residue was dissolved in a 
mixed solvent comprising 10 ml of water and 80 ml of 
ethyl acetate, and the resulting solution was adjusted to 
a pH of 1.0 by addition of dilute hydrochloric acid with 
ice-cooling. Subsequently, the organic layer was sepa 
rated off, dried over anhydrous magnesium sulfate, and 
then charged into 100 ml of an ethyl acetate solution 
containing 8.3 g of sodium 2-ethylhexonate to deposit 
crystals. The deposited crystals were collected by filtra 
tion, washed with acetone, and then dried over P2O5 to 
obtain 7.9 g of a sodium salt of D(-)-a-(4-acetyl-2,5- 
dioxo-1-piperazinocarbonylamino)phenylacetic acid, 
m.p. 104° C. (decomp.), yield 42%. 
IR (KBr) cm-l: vic o 1690-1650, 1600-1590. 
(2) To a suspension in 25 ml of anhydrous acetone of 

1.75 g of the aforesaid sodium salt of D(-)-a-(4-acetyl 
2,5-dioxo-1-piperazinocarbonylamino)phenyl acetic 
acid was added 20 mg of N-methylmorpholine, and the 
resulting mixture was cooled to -20 to -15 C. Into 
this mixture was dropped a solution of 0.57 g of ethyl 
chlorocarbonate in 5 ml of anhydrous acetone over a 
period of 5 minutes, and the mixture was stirred at said 
temperature for 60 minutes. Subsequently, a solution of 
1.29 g of a triethylamine salt of 6-aminopenicillanic acid 
in 30 ml of anhydrous methylene chloride was dropped 
into said mixture at - 40 to -30° C. over a period of 10 
minutes. The temperature of the resulting mixture was 
elevated from -30 C. to 0 C., and the mixture was 
then reacted at said temperature for about 2 hours. 
After the reaction, the solvent was removed by distilla 
tion under reduced pressure. The residue was charged 
into 30 ml of water, and the resulting mixture was freed 
from insolubles by filtration with ice-cooling. The fil 
trate was adjusted to a pH of 1.5 to 2.0 by addition of 
dilute hydrochloric acid to deposit crystals. The depos 
ited crystals were collected by filtration, sufficiently 
washed with water, and then dried to obtain 2.34 g of 
6-D(-)-a-(4-acetyl-2,5-dioxo-1-piperazinocar 
bonylamino)phenylacetamidopenicillanic acid, m.p. 
162-164 C. (decomp.), yield 90%. 
In the same manner as above, 530 mg of 6-(D(-)-a- 

(4-benzyl-2,2-pentamethylene-3,5-dioxo-1- 
piperazinocarbonylamino)phenylacetamidopenicil 
lanic acid, m.p. 95-100 C., yield 82.68%, was obtained 
from 450 mg of D(-)-a-(4-benzyl-2,2-pentamethylene 
3,5-dioxo-l-piperazinocarbonylamino)phenylacetic 
acid and 320 mg of a triethylamine salt of 6 
aminopenicillanic acid. 
IR (KBr) cm-l: vollo 1770 (lactam), 1700-1660 

(-COOH, -CON<). 
EXAMPLE 11 

(1) Into a mixture comprising 8 g of a diethyl ester of 
oxalic acid and 8 ml of ethanol was dropped at room 
temperature 4.4 g of N-ethyl ethylenediamine. The 
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resulting mixture was allowed to react for 3 hours, and 
then heated to remove the ethanol. Subsequently, the 
residue was recrystallized from 10 ml of dioxane to 
obtain 5.4 g of 1-ethyl-2,3-dioxo-piperazine, m.p. 124 
C., yield 76.0%. 

(2) To a suspension of 0.71 g of the above-mentioned 
1-ethyl-2,3-dioxo-piperazine in 15 ml of anhydrous di 
oxane were added with stirring 0.70 g of trimethylsilyl 
chloride and 0.83 ml of triethylamine. The resulting 
mixture was stirred at room temperature for 20 hours to 
deposit triethylamine hydrochloride. This hydrochlo 
ride was separated by filtration, and the filtrate was 
dropped at 5' to 10 C. into a solution of 0.70 g of phos 
gene in 10 ml of anhydrous tetrahydrofuran. Subse 
quently, the resulting mixture was reacted at 5' to 10 C. 
for 30 minutes and at room temperature for 2 hours, and 
then the solvent was removed by distillation under 
reduced pressure to obtain 1.0 g of pale yellow crystals 
of 4-ethyl-2,3-dioxo-1-piperazinocarbonyl chloride. 
IR (KBr) cm 1: VC-o 1780, 1660. 
(3) A suspension of 1.75 g of 6-D(-)-a-amino 

phenylacetamidopenicillanic acid in 50 ml of tetrahy 
drofuran containing 20% by volume of water was ad 
justed to a pH of 8.0 to 8.5 by addition of triethylamine 
with stirring to form a solution. This solution was 
cooled to 0 to 5' C., and then 7 ml of an anhydrous 
tetrahydrofuran solution containing 1.0 g of the afore 
said 4-ethyl-2,3-dioxo-1-piperazinocarbonyl chloride 
was dropped into the solution. During this period, the 
pH of the reaction solution was maintained at 7.5 to 8.0 
by gradual addition of triethylamine. The resulting 
mixed solution was reacted at said temperature for 30 
minutes and then at 5' to 10' C. for 1 hour, while main 
taining the pH thereof at 7.5 to 8.0. After the reaction, 
the tetrahydrofuran was removed by distillation under 
reduced pressure, and the residue was dissolved in 20 ml 
of water and then washed two times with 20 ml of ethyl 
acetate. To the aqueous layer was again added 50 ml of 
ethyl acetate, and the resulting mixture was adjusted to 
a pH of 1.5 by gradual addition of dilute hydrochloric 
acid with ice-cooling. Subsequently, the ethyl acetate 
layer was separated off, sufficiently washed with water, 
and then dried over anhydrous magnesium sulfate. Into 
the thus treated layer was dropped 10 ml of an ethyl 
acetate solution containing 0.83 g of sodium 2-ethylhex 
onate to deposit white crystals. The deposited crystals 
were collected by filtration, sufficiently washed with 
ethyl acetate, washed with diethyl ether, and then dried 
to obtain 2.4 g of a sodium salt of 6-D(-)-a-(4-ethyl 
2,3-dioxo-1-piperazinocarbonylamino)- 
phenylacetamidopenicillanic acid, m.p. 183-185 C. 
(decomp.), yield 89%. 
IR (KBr) cm-1: vo o 1765 (lactam), 1720-1670 

(-CON<), 1600 (-COOe). 
NMR (CD3)2SO--D2O) t values: 2.62 (5H), 4.31 

(1H), 4.50 (1H), 4.70 (1H), 6.05 (1H), 6.35–6.65 (6H), 
8.49 (3H), 8.60 (3H), 8.91 (3H). 
The above-mentioned operation was repeated, except 

that the 4-ethyl-2,3-dioxo-1-piperazinocarbonyl chlo 
ride was replaced by each of the reactive derivatives of 
compounds of formula (III) shown in Table 13, to ob 
tain respective objective compounds as shown in Table 
13. The structure of each objective compound was 
confirmed by IR and NMR. 
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A suspension of 1.4 g of 6-D(-)-a-amino 
phenylacetamidopenicillanic acid in 30 ml of tetrahy 
drofuran containing 20% by volume of water was ad 
justed to a pH of 8.0 to 8.5 by addition of triethylamine 
with stirring to form a solution. This solution was 
cooled to 0 to 5 C., and 10 ml of a tetrahydrofuran 
solution containing 1.2 g of 4-n-pentyl-2,3-dioxo-1- 
piperazinocarbonyl chloride was dropped into said so 
lution. During this period, the pH of the reaction solu 
tion was maintained at 7.5 to 8.5 by gradual addition of 
triethylamine. Subsequently, the resulting mixed solu 
tion was reacted at said temperature for 30 minutes and 
then at 10' to 15 C. for 90 minutes, while maintaining 
the pH thereof at 7.5 to 8.5. After the reaction, the 
tetrahydrofuran was removed by distillation under re 
duced pressure, and the residue was dissolved in 20 ml 50 
of water and then washed two times with 20 ml of ethyl 
acetate. To the aqueous layer was further added 30 ml 
of ethyl acetate, and the resulting mixture was adjusted 

35 

137 138 
TABLE 13-continued 

Reactive derivative of 
compound of formula (III) Objective compound 

O O D(-)- O O 
V. A V. A 

S CH3 
CICH2CH2-N NCOC CICH2CH-N n-colour CH 3. 

\-/ \-/ e- N 
O COON 

m.p. (decomp.) 210 C., yield 83% 

A. D(-)- A. 
S CH3 

CHCH-N Na-COC CH3CH-N n-coyon CH 3. 
\-( \-( e- N CH3 CH ($ O COONa 

mp, (decomp.) 175-177' C., yield 76% 

O O D(-)- 
W A O O 

W A 
CH3-N N-COC S CH3 

CH3-N NaCONHCHCONH 
\-( CH 

CH3 ( e-N COONa 
CH3 

m.p. (decomp.) 177-178' C., yield 79% 

EXAMPLE 12 to a pH of 1.5 by addition of dilute hydrochloric acid 
with ice-cooling. Thereafter, the ethyl acetate layer was 
separated off, sufficiently washed with water, dried 
over magnesium sulfate, and then freed from the solvent 
by distillation under reduced pressure. The residue was 
crystallized by addition of diisopropyl ether to obtain 
1.8g of crystals of 6-D(-)-a-(4-n-pentyl-2,3-dioxo-1- 
piperazinocarbonylamino)phenylacetamidopenicil 
lanic acid, m.p. 96 C. (decomp.), yield 80.5%. 
IR (KBr) cm-l: voo 1770 (lactam), 1720-1660 

(-CON<, -COOH). 
NMR (CD3)2SO--D2O) T values: 2.62 (5H), 4.31 

(1H), 4.51-4.69 (2H), 6.04 (1H), 6.20-6.90 (6H), 8.50 
(3H), 8.60 (3H), 8.75 (6H), 8.90 (3H). 
The above-mentioned operation was repeated, except 

that the 4-n-pentyl-2,3-dioxo-1-piperazinocarbonyl 
chloride was replaced by each of the reactive deriva 
tives of compounds of formula (III) shown in Table 14, 
to obtain respective objective compounds as shown in 
Table 14. The structure of each objective compound 
was confirmed by IR and NMR. 
TABLE 4 

Reactive derivative of 
compound of formula (III) Objective compound 

D(-)- 
O O O O 
V. A V. A 

S CH3 
CH3(CH2)CH-N N-COC CH3(CH2)4CH-N n-cool CH 3 

\-/ \-/ s- N 
O COOH 

mp. (decomp) 107 C, yield 89% 
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TABLE 14-continued 
Reactive derivative of 
compound of formula (III) Objective compound 

O 
V 

O 
A. 

NCONHCHCONH 
S CH3 

L at a N 
o? COOH 

m.p. (decomp.) 92 C., yield 88.5% 

D(-)- 
O 
W 

O 
W 

NCONHCHCONH 
S CH3 

CH3 
a N 
o? COOH 

m.p. (decomp.) 95 C., yield 79.8% 

O O O 
V 

O 
A. 

CHCH-N NaCSC 

W A 

\ / 

S CH 
CH3CH-N N-CSNHCHCONH 

CH 
V- a N 

o? COOH 

m.p. (decomp.) 80-82 C., yield 95% 

EXAMPLE 13 35 

Using 1.7 g of a triethylamine salt of 6-D(-)-a- 
amino-p-hydroxyphenylacetamidopenicillanic acid 
and 0.7 g of 4-methyl-2,3-dioxo-1-piperazinocarbonyl 
chloride, the same operation as in Example 12 was re 
peated to obtain l.2 g of a sodium salt of 6-D(-)-a-(4- 
methyl-2,3-dioxo-l-piperazinocarbonylamino)-p- 
hydroxyphenylacetamidopenicillanic acid, 
170-172' C. (decomp.), yield 75%. 
IR (KBr) cm-l: voo 1760 (lactam), 1710-1660 

(-CON<), 1600 (-COOe). 45 
NMR (CD3)2SO) T values: 2.8-3.3 (4H), 4.45 (1H), 

4.65 (2H), 6.05 (1H), 6.2 (4H), 6.97 (3H), 8.48 (3H), 8.60 
(3H). 

In the same manner as above, a sodium salt of 6 
D(-)-60 -(4-ethyl-2,3-dioxo-1-piperazinocar 
bonylamino)-p-hydroxyphenylacetamidopenicillanic 
acid, m.p. 175 C, (decomp.), yield 72%, was obtained 
from 4-ethyl-2,3-dioxo-1-piperazinocarbonyl chloride 
and a triethylamino salt of 6-D(-)-a-amino-p-hydrox 
yphenylacetamidopenicillanic acid. 

EXAMPLE 14 

To a solution of 0.8g of a phthalide ester of 6-D(-)- 
a-aminophenylacetamidopenicillanic acid in 10 ml of 
tetrahydrofuran was added 0.25 ml of triethylamine. 60 
Into the resulting mixture was dropped 0.32 g of 4 
methyl-2,3-dioxo-1-piperazinocarbonyl chloride with 

m.p. 

55 

ice-cooling, and the mixture was reacted at room tem 
perature for 2 hours. After the reaction, the solvent was 
removed by distillation under reduced pressure. The 
residue was dissolved in a mixed solvent comprising 20 
ml of ethyl acetate and 20 ml of water, and the resulting 
solution was adjusted to a pH of 2 by addition of dilute 
hydrochloric acid. Subsequently, the organic layer was 
separated off, washed with water, washed with a 2% 
aqueous sodium hydrogenicarbonate solution, washed 
with water, dried over magnesium sulfate, and then 
concentrated to a liquid amount of about 2 ml. To the 
concentrate was added 20 ml of diisopropyl ether to 
deposit crystals, which were then collected to obtain 
0.95 g of crystals of a phthalide ester of 6-D(-)-a-(4- 
methyl-2,3-dioxo-1-piperazinocarbonylamino)- 
phenylacetamidopenicillanic acid, map. 157-160" C. 
(decomp.), yield 90.0%. 
IR (KBr) cm l: voo 1780 (lactam), 1715 (ester), 

1680 (-CON<). 
NMR (CD3)2CO--DO) T values: 2.12 (4H), 2.40 

(1H), 2.58 (SH), 4.25-4.60 (3H), 5.45 (1H), 5.85-6.42 
(4H), 6.90 (3H), 8.50 (6H). 
The above-mentioned operation was repeated, except 

that the 4-methyl-2,3-dioxo-1-piperazinocarbonyl chlo 
ride was replaced by each of the reactive derivatives of 
compounds of formula (III) shown in Table 15, to ob 
tain respective objective compounds as shown in Table 
15. The structure of each objective compound was 
confirmed by IR and NMR. 
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TABLE IS 
Reactive derivative of 
compound of formula (III) Objective compound 

O O D(-)- O O 
W A V. A 

O 
S CH3 

CH3CH-N N-COC CH3CH-N n-colour CH, O 3 
\-/ \-/ er N 

o? COO 

m.p. (decomp.) 08-10 C., yield 90% 

D(-)- 
O O O O 
W A W A O 

S CH3 

(CH3)2CH-N N-COC (CH3)2CH-N -colour CH O 3 

\-/ \-/ ($ er N O ar O COO 

m.p. (decomp.) 128-130' C., yield 92% 

D(-)- 
O O O O 
W A W A 

S CH 

CH3(CH2)2CH2-N N-COC CH3(CH2)2CH2-N -colour C. O 3 
\-/ \-/ e- N O a 

S O COO 

m.p. (decomp.) 113-115 C., yield 88% 

EXAMPLE 1.5 organic layer was separated off, washed with water, 
35 

A solution of 0.86 g of a hydrochloride of methox 
ymethyl ester of 6-D(-)-a-aminophenylacetamido 
penicillanic acid in 15 ml of tetrahydrofuran containing 
20% by volume of water was adjusted to a pH of 8.0 to 
8.5 by addition of triethylamine at 0° to 5’ C. Into this 
solution, a solution of 0.38 g of 4-methyl-2,3-dioxo-1- 
piperazinocarbonyl chloride in 10 ml of tetrahydrofuran 
was dropped over a period of 10 minutes. During this 
period, the pH of the reaction solution was maintained 
at 7.5 to 8.0 by gradual addition of triethylamine. The is 
resulting mixed solution was reacted for 30 minutes, 
while maintaining the pH thereof at 7.5 to 8.0. After 
completion of the reaction, the tetrahydrofuran was 
removed by distillation under reduced pressure. The 
residue was dissolved in a mixed solvent comprising 50 so 
ml of water and 50 ml of ethyl acetate, and the resulting 
solution was adjusted to a pH of 1.5 by addition of dilute 
hydrochloric acid with ice-cooling. Subsequently, the 

dried over anhydrous magnesium sulfate, and then freed 
from the solvent by distillation under reduced pressure 
to form crystals. The thus formed crystals were washed 
with diethyl ether to obtain 0.9 g of a methoxymethyl 
ester of 6-D(-)a-(4-methyl-2,3-dioxo-1-piperazinocar 
bonylamino)phenylacetamidopenicillanic acid, m.p. 
111-115° C. (decomp.), yield 82.5%. 
IR (KBr) cm-l: voo 1780 (lactam), 1740 (ester), 

1700-1660 (-CON<). 
NMR (CD3)2CO) rvalues: 0.15 (1H), 2.0 (1H), 2.67 

(5H), 4.3-4.5 (3H), 4.75 (2H), 5.7 (1H), 6.55 (4H), 6.97 
(3H), 7.25 (3H), 8.84 (3H), 8.60 (3H). 
The above-mentioned operation was repeated, except 

that the 4-methyl-2,3-dioxo-1-piperazinocarbonyl chlo 
ride was replaced by each of the reactive derivatives of 
compounds of formula (III) shown in Table 16, to ob 
tain respective objective compounds as shown in Table 
16. The structure of each objective compound was 
confirmed by IR and NMR. 

TABLE 16 

Reactive derivative of 

compound of formula (III) Objective compound 

D(-)- 
O 
W 

O O 
W 

O 
A. 

CH3CH-N N-COC CH3CH-N 
S CH3 

N-CONHCHCONH 
CH3 

e N o? COOCH2OCH3 

mp, (decomp.) 83-85' C, yield 80.2% 
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TABLE 16-continued 

Reactive derivative of 
compound of formula (II) Objective compound 

O O O O 
W A W A 

S CH3 
CH3(CH2)2CH2-N N-COC CH3(CH2)2CH2-N n-coyour CH 

\-/ \-/ e- N 3. 
O COOCH2OCH3 

m.p. (decomp.) 78-80' C., yield 80% 

D(-)- 
O O O O 
W A W A 

S CH3 
(CH3)2CH-N NaCOC (CH3)2CH-N n-coront CH 

\-/ \ / - N 3 
O COOCH2OCH3 

m.p. (decomp.) 93-95' C., yield 82.5% 

D(-)- 
O O O O 
W A W A 

S CH 
CH3(CH2)6CH2-N N-COC CH3(CH2)6CH-N n-colour CH 

\ / \ / - N 3 
O COOCHOCH 

m.p. (decomp.) 70-74' C., yield 74.4% 

EXAMPLE 16 17. The structure of each objective compound was 
confirmed by IR and NMR. 

TABLE 1 7 
Reactive derivative of 
compound of formula (III) Objective compound 

D(-)- 
O O O O 
W A W A 

S CH3 
CH3CH-N Nm-COC CH3CH-N n-coyon CH 

3 \ / \-/ e- N - 
O COOCHOOCCCH)3 

m.p. (decomp) 94-98" C., yield 77% 

D(-)- 

a' AP 
V S CH 

CH3(CH2)6CH-N N-COC CH3(CH2)6CH-N n-colour CH 3 \-/ \-/ - N 
O COOCHOOCC(CH3) 

m.p. (decomp.) 72-75 C., yield 72% 

Using 1.5 g of a hydrochloride of pivaloyloxymethyl 
ester of 6-D(-)-a-aminophenylacetamidolpenicillanic 
acid and 0.6 g of 4-methyl-2,3-dioxo-1-piperazinocarbo 
nyl chloride, the same operation as in Example 15 was 
repeated to obtain a pivaloyloxymethyl ester of 6 
D(-)-a-(4-methyl-2,3-dioxo-1-piperazinocar 
bonylamino)phenylacetamidopenicillanic acid, m.p. 
108-111 C. (decomp.), yield 75%. 
IR (KBr) cm-l: vo-o 1780 (lactam), 1750 (ester), 

1710-1660 (-CON<). 
The above-mentioned operation was repeated, except 

that the 4-methyl-2,3-dioxo-1-piperazinocarbonyl chlo 
ride was replaced by each of the reactive derivatives of 
compounds of formula (III) shown in Table 17, to ob 
tain respective objective compounds as shown in Table 

55 

EXAMPLE 7 
Using 0.81 g of a hydrochloride of 6-piperidinoethyl 

60 ester of 6-D(-)-a-aminophenylacetamidopenicillanic 
acid and 0.3 g of 4-methyl-2,3-dioxo-1-piperazinocarbo 
nyl chloride, the same operation as in Example 15 was 
repeated to obtain 0.75 g of a 3-piperidinoethyl ester of 
6-D(-)-a-(4-methyl-2,3-dioxo-1-piperazinocar 

65 bonylamino)phenylacetamidopenicillanic acid, m.p. 
166-169" C. (decomp), yield 78%. 
IR (KBr) cmi: vollo 1780 (lactam), 1740 (ester), 

1710-1670 (-CON<). 
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NMR (CDCl3) Tvalues: 2.7 (SH), 4.3-4.6 (3H), 5.7 
(1H), 5.75 (2H), 6.0 (2H), 6.4 (2H), 6.9 (3H), 7.45 (2H), 
7.6 (4H), 8.5 (12H). 
The above-mentioned operation was repeated, except 

that the 4-methyl-2,3-dioxo-1-piperazinocarbonyl chlo 
ride was replaced by 4-n-octyl-2,3-dioxo-1- 
piperazinocarbonyl chloride, to obtain a 8-piperidino 
ethyl ester of 6-D(-)-a-(4-n-octyl-2,3-dioxo-1- 
piperazinocarbonylamino)phenylacetamidopenicil 
lanic acid, m.p. 110-115 C. (decomp.), yield 73.58%. 

EXAMPLE 1.8 
Using 0.93 g of a hydrochloride of £8-morpholino 

ethyl ester of 6-(D(-)-a-aminophenylacetamido 
penicillanic acid and 0.39 g of 4-methyl-2,3-dioxo-1- 
piperazinocarbonyl chloride, the same operation as in 
Example 15 was repeated to obtain 0.8 g of a 3-mor 
pholinoethyl ester of 6-D(-)-a-(4-methyl-2,3-dioxo-1- 
piperazinocarbonylamino)phenylacetamidopenicil 
lanic acid, m.p. 150'-153 C. (decomp.), yield 73%. 
IR (KBr) cm 1: vollo 1780 (lactam), 1740 (ester), 

1710-1680 (-CON<). 
NMR (CDCl3) rvalues: 2.55 (5H), 4.3-4.55 (3H), 5.6 

(1H), 5.7 (3H), 6.0 (2H), 6.3 (2H), 7.4 (2H), 7.5 (4H), 8.5 
(6H). 
The above-mentioned operation was repeated, except 

that the 4-methyl-2,3-dioxo-1-piperazinocarbonyl chlo 
ride was replaced by 4-n-octyl-2,3-dioxo-1- 
piperazinocarbonyl chloride, to obtain a 3-morpholino 
ethyl ester of 6-D(-)-a-(4-n-octyl-2,3-dioxo-1- 
piperazinocarbonylamino)phenylacetamidopenicil 
lanic acid, m.p. 103-105 C. (decomp), yield 70%. 

EXAMPLE 19 

(1) To a solution of 8.7 g of a sodium salt of D(-)-a- 
phenylglycine in 50 ml of water were added 50 ml of 
ethyl acetate and 5.05 g of triethylamine. To the result 
ing mixture was gradually added 9.5g of 4-methyl-2,3- 
dioxo-1-piperazinocarbonyl chloride at 0 to 5 C. over 
a period of 15 minutes, and then the mixture was reacted 
at 5' to 15 C. for 30 minutes. After the reaction, the 
aqueous layer was separated off, washed with diethyl 
ether, and then adjusted to a pH of 1.5 by addition of 
dilute hydrochloric acid to deposit crystals. The depos 
ited crystals were collected by filtration, washed with 
water and dried to obtain 14.1 g of D(-)-a-(4-methyl 
2,3-dioxo-1-piperazinocarbonylamino)phenylacetic 
acid, m.p. 138-141 C. (decomp), yield 87%. Recrys 
tallization from hydrous butanol gave white crystals, 
m.p. 140-142 C. (decomp.). 

Elementary analysis (for C14H1sN3O3.H2O): Calcu 
lated (%) C:52.01 H: 5.30 N: 13.00. Found (%)C: 52.24 
H: 5.32 N; 12.87. 
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IR (KBr) cm-l: vollo 1710, 1700, 1660. 
(2) Into a solution of 10 g of the above-mentioned 

D(-)-a-(4-methyl-2,3-dioxo-1-piperazinocar 
bonylamino)phenylacetic acid in 200 ml of acetone was 
dropped a solution of 5.2 g of a sodium salt of 2-ethyl 
hexonic acid in 50 ml of acetone with stirring to deposit 
crystals. The deposited crystals were collected by filtra 
tion and then washed with acetone to obtain 9.6 g of a 
sodium salt of D(-)-a-(4-methyl-2,3-dioxo-1- 
piperazinocarbonylamino)phenylacetic acid, m.p. 165 
C. (decomp.), yield 95%. 

(3) To a suspension of 8.8g of the abovementioned 
sodium salt of D(-)-a-(4-methyl-2,3-dioxo-1- 
piperazinocarbonylamino)phenylacetic acid in 80 ml of 
methylene chloride was added 20 mg of N-methylmor 
pholine. Into the resulting mixture was dropped a solu 
tion of 3.1 g of ethyl chlorocarbonate in 20 ml of methy 
lene chloride at -20' to -15° C. over a period of 5 
minutes, and the mixture was reacted at said tempera 
ture for 1 hour. Into this reaction liquid was dropped a 
solution of 9.4 g of a triethylamine salt of 6 
aminopenicillanic acid in 40 ml of methylene chloride at 
-40' to -30' C. over a period of 10 minutes, and the 
resulting mixture was reacted at -40' to -20 C. over 
a period of 1 hour. After the reaction, the temperature 
of the reaction liquid was gradually elevated to 0 C. 
over a period of 1 hour, and the mixture was then sub 
jected to extraction with 100 ml of water. Subsequently, 
the aqueous layer was separated off, and the methylene 
chloride layer was further subjected to extraction with 
50 ml of water, and the resulting aqueous layer was 
combined with the aforesaid aqueous layer. The com 
bined aqueous layer was adjusted to a pH of 2 by addi 
tion of dilute hydrochloric acid with ice-cooling to 
deposit crystals. The deposited crystals were collected 
by filtration, sufficiently washed with water, dried and 
then dissolved in 200 ml of acetone. Into the resulting 
solution was dropped a solution of 4 g of a sodium salt 
of 2-ethylhexanoic acid in 40 ml of acetone over a per 
iod of 10 minutes to deposit crystals. The deposited 
crystals were collected by filtration, washed with ace 
tone and then dried to obtain 11.4 g of a sodium salt of 
6-D(-)-a-(4-methyl-2,3-dioxo-1-piperazinocar 
bonylamino)phenylacetamidopenicillanic acid, m.p. 
170" C. (decomp), yield 80.8%. 
The above-mentioned operation was repeated, except 

that the D(-)-a-(4-methyl-2,3-dioxo-l-piperazinocar 
bonylamino)phenylacetic acid was replaced by each of 
the compounds of formula (V) shown in Table 18, to 
obtain respective objective compounds as shown in 
Table 18. The structure of each objective compound 
was confirmed by R and NMR. 

TABLE 18 

Compound of formula (V) Objective compound 

D(-)- D(-)- 

a' A. 
CHCH-N N-CONHCHCOOH CH3CH-N 

S CH 

n-colour la M- 6 s- N O COON 
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TABLE 18-continued 
Compound of formula (V) Objective compound 

O 
W 

O 
A 

CH3CHCH-N N-CONHCHCOOH 

O 
W 

s CH3 
N-CONHCHCONH 

CH3 
MH a N 

o? 

O 
A. 

\ / 
COON 

A' a' 
S CH3 

CH3(CH2)2CH2-N N-CONHCHCOOH CH3(CH2)2CH-N n-colour CH 
a 

O COONa 

EXAMPLE 20 was cooled to -20 C., and 5 ml of a methylene chlo 

(1) To a solution of 2.28 g of D(-)-a-amino-1,4- 
cyclohexadienylacetic acid in 15 ml of N NaOH were 
added 20 ml of ethyl acetate and 2.1 ml of triethylamine, 25 
and the resulting mixture was cooled to 0 C. To this 
mixture was gradually added 1.69 g of 4-methyl-2,3- 
dioxo-1-piperazinocarbonyl chloride over a period of 
10 minutes. Subsequently, the mixture was reacted for 
30 minutes with ice-cooling, and then the aqueous layer 30 
was separated off. To the aqueous layer was further 
added 20 ml of ethyl acetate. The resulting mixture was 
adjusted to a pH of 2 by addition of 2 N hydrochloric 
acid with ice-cooling, and the ethyl acetate layer was 
separated off. The organic layer was sufficiently 
washed with water, dried over anhydrous magnesium 
sulfate, freed from the solvent by distillation under 
reduced pressure and then incorporated with isopropyl 
alcohol to deposit crystals. The deposited crystals were 
collected by filtration to obtain 2.5g of white crystals of 40 
D(-)-a-(4-methyl-2,3-dioxo-1-piperazinocar 
bonylamino)-1,4-cyclohexadienylacetic acid, 
140-145' C. (decomp.), yield 74%. 
IR (KBr) cm-l: vyi 3300, vo-o 1715, 1660. 

m.p. 

35 

NMR (d6-DMSO) rvalues: 0.57 (1H, d), 4.26 (1H, s), 45 
4.36 (2H, s), 5.29 (1H, d), 6.07-6.18 (2H, m), 6.38-6.49 
(2H, m), 7.05 (3H, s), 7.35 (4H, s). 

(2) To a suspension of 0.45 g of the above-mentioned 
D(-)-a-(4-methyl-2,3-dioxo-l-piperazinocar 
bonylamino)-1,4-cyclohexadienylacetic acid in 15 ml of 50 
anhydrous methylene chloride was added 0.24 ml of 
N-methylmorpholine with stirring to form a solution. 
After cooling the solution of -10 C, 3 ml of an anhy 
drous methylene chloride solution containing 0.24 g of 
ethyl chlorocarbonate was dropped into the solution, 55 
and the resulting mixture was reacted at said tempera 
ture for 90 minutes. Subsequently, the reaction liquid 

ride solution containing 0.70 g of a triethylamine salt of 
6-aminopenicillanic acid and 0.31 ml of triethylamine 
was gradually dropped into the reaction liquid. The 
resulting mixture was reacted at -20 C. for 1 hour, at 
-20 to O' C. for 1 hour, and at 0 to 5' C. for 1 hour. 
Thereafter, the reaction liquid was freed from the sol 
vent by distillation under reduced pressure. The residue 
was dissolved in 10 ml of water and then washed with 
10 ml of ethyl acetate. The aqueous layer was again 
incorporated with 15 ml of ethyl acetate, and then ad 
justed to a pH of 2.0 by addition of 2 NHCl with ice 
cooling. Subsequently, the ethyl acetate layer was sepa 
rated off, washed with water, dried over anhydrous 
magnesium sulfate, and freed from the solvent by distil 
lation under reduced pressure to obtain 0.74 g of white 
crystals of 6-D(-)-a-(4-methyl-2,3-dioxo-1- 
piperazinocarbonylamino)-1,4-cyclohex 
adienylacetamidopenicillanic acid, m.p. 84-87 C. 
(decomp.), yield 87%. 
IR (KBr) cm-l: voo 1780 (laetam), 1730-1660 

(-COOH, -CON<). 
NMR (d6-DMSO) rvalues: 0.55 (1H, d), 0.95 (1H, d), 

4.22 (1H, s), 4.35 (2H, s), 4.41-4.61 (2H, s), 4.92 (1H, d), 
5.75 (1H, s), 6.05 (2H, bs), 6.40 (2H, bs), 7.03 (3H, s), 
7.35 (4H, s), 8.40 (3H, s), 8.52 (3H, s). 
The thus obtained product was adjusted to a pH of 

7.0 by neutralization with an aqueous sodium hydrogen 
carbonate solution, and then subjected to filtration and 
freeze-drying to obtain a sodium salt thereof. 
The above-mentioned operation was repeated, except 

that the D(-)-a-(4-methyl-2,3-dioxo-1-piperazinocar 
bonylamino)-1,4-cyclohexadienylacetic acid was re 
placed by each of the compounds of formula (V) shown 
in Table 19, to obtain respective objective compounds 
as shown in Table 19. The structure of each objective 
compound was confirmed by IR and NMR. 

TABLE 1.9 
Compound of formula (V) Objective compound 
D(-)- D(-)- 

a' 
A. S CH 

CH3CH-N Na-CONHCHCOOH CH3CH-N n-cool CH 
\-/ \-/ c e- N 

O COONa c 
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TABLE 19-continued 
Compound of formula (V) Objective compound 

O 
W 

O 
A. 

CH3CHCH-N N-CONHCHCOOH 

ab 

/ 

O 
W 

O 
W 

N-CONHCHCOOH CH3(CH2)2CH-N 

S CH3 
N-CONHCHCONH 

CH3 
M- a N 

o1 

O 
A. 

COONa 

O 
A. 

s CH3 
N-CONHCHCONH 

CH3 
\-/ N 

o? COONa 

EXAMPLE 21 

(1) To a solution of 2.2 g of DL-a-amino-2-thienyla 
cetic acid in 14 ml of a N sodium hydroxide solution 
was added at 0° C. 2.2 g of triethylamine. To the result 
ing mixture was further added 3.6 g of 4-methyl-2,3- 
dioxo-1-piperazinocarbonyl chloride little by little at 
said temperature. Subsequently, the mixture was re 
acted at O C. for 30 minutes, and then at room tempera 
ture for 30 minutes. After the reaction, the reaction 
liquid was adjusted to a pH of 1.0 by addition of dilute 
hydrochloric acid to deposit crystals. The deposited 
crystals were collected by filtration, washed with water 
and then dried to obtain 3.5g of DL-a-(4-methyl-2,3- 
dioxo-1-piperazinocarbonylamino)-2-thienylacetic acid, 
m.p. 214-215 C. (decomp.), yield 80.5%. 
IR (KBr) cm-l: vic-o 1710, 1680-1660. 
(2) Into a solution of 3.5 g of the above-mentioned 

DL-a-(4-methyl-2,3-dioxo-1-piperazinocar 
bonylamino)-2-thienylacetic acid in 100 ml of acetone 
was dropped a solution of 1.86 g of a sodium salt of 
2-ethylhexonic acid in 50 ml of acetone, upon which 
crystals were deposited. The deposited crystals were 
collected by filtration and then washed with acetone to 
obtain 3.5 g of a sodium salt of DL-a-(4-methyl-2,3- 
dioxo-1-piperazinocarbonylamino)-2-thienylacetic acid, 
m.p. 175-176' C. (decomp.). 

(3) To a suspension of 3.3 g of the above-mentioned 
sodium salt of DL-a-(4-methyl-2,3-dioxo-1- 
piperazinocarbonylamino)-2-thienylacetic acid in 50 ml 
of methylene chloride was added 30 mg of N-methyl 
morpholine, and the resulting mixture was then cooled 
to -20 to -15° C. Into the resulting mixture was 
dropped a solution of 1.3 g of ethyl chlorocarbonate in 
20 ml of methylene chloride over a period of 5 minutes, 

25 

30 

35 

40 

45 

50 

and the mixture was stirred at said temperature for 90 
minutes. Subsequently, a solution of 3.3 g of a triethyl 
amine salt of 6-aminopenicillanic acid in 50 ml of methy 
lene chloride was dropped into the mixture at -50' to 
-40 C. over a period of 20 minutes, and the resulting 
mixture was reacted with stirring at -40' to -30 C, 
for 30 minutes, at -30 to -20 C. for 30 minutes, and 
then at -20' to 0°C. for 30 minutes. After the reaction, 
the solvent was removed by distillation under reduced 
pressure, and the residue was dissolved in water. The 
resulting aqueous solution was adjusted to a pH of 2.0 
by addition of dilute hydrochloric acid with ice-cooling 
to deposit crystals. The deposited crystals were col 
lected by filtration, sufficiently washed with water and 
then dried to obtain 4.1 g of 6-(DL-a-(4-methyl-2,3- 
dioxo-1-piperazinocarbonylamino)-2- 
thienylacetamidopenicillanic acid, m.p. 185' C. (de 
comp.), yield 80.5%. 
IR (nujol) cm-l: vico 1780 (lactam), 

(-COOH), 1685-1675 (-CON<). 
NMR (CD3)2CO) t values: 0.5 (1H), 1.8 (1H), 2.6 

(1H), 2.85-3.05 (2H), 4.0 (1H), 4.2–4.5 (2H), 5.7 (1H), 
5.8-6.0 (2H), 6.2-6.4 (2H), 6.95 (3H), 8.4 (3H), 8.45 
(3H). 
The thus obtained product was adjusted to a pH of 

7.0 by neutralization with an aqueous sodium hydrogen 
carbonate solution, and then subjected to filtration and 
freeze-drying to obtain a sodium salt thereof. 
The above-mentioned operation was repeated, except 

that the sodium salt of DL-a-(4-methyl-2,3-dioxo-1- 
piperazinocarbonylamino)-2-thienylacetic acid was re 
placed by each of the compounds of formula (V) shown 
in Table 20, to obtain respective objective compounds 
as shown in Table 20. The structure of each objective 
compound was confirmed by IR and NMR. 

1715 

TABLE 2.0 
Compound of formula (W) Objective compound 

DL- DL-n 
O O O O 
W A W . A 

S CH3 
CH3CH-N N-CONHCHCOONa CH3CH-N n-concil CH 3 \-/ \ / N - 

o? COONa 
S S 
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TABLE 20-continued 
Compound of formula (V) Objective compound 
DL- DL 

O O O O 
W A W A 

S CH3 

CH3CHCH-N N-CONHCHCOONa CH3CH2CH-N n-concur CH 3 
\-/ \-/ e- N 

o? COONa 
S S 

DL- DL 
O O O O 
W A W A 

CH 
N-CONHCHCOONa CH3(CH2)2CH-N 3. n-concur \-/ \-/ e- N la 

O 
S S 

COONa 

EXAMPLE 22 

To a suspension of 0.9 g of 6-D(-)-a-amino- 25 
phenylacetamidopenicillanic acid in 30 ml of anhy- with 4 ml of water, further washed two times with 4 ml 
drous ethyl acetate were added at 5' to 10° C. 0.55g of of isopropanol, and then dried to obtain 4.0 g of a dihy 
triethylamine and 0.6 g of trimethylsilyl chloride. The drate of 6-(D(-)-a-(4-methyl-2,3-dioxo-1- 
resulting mixture was reacted at 15 to 20 C. for 3 piperazinocarbonylamino)phenylacetamidopenicil 
hours to form trimethylsilylated 6-(D(-)-a-amino- 30 lanic acid, m.p. 156-157' C. (decomp.), yield 75.4%. 
phenylacetamidopenicillanic acid. To this acid was IR (KBr) cm-l: vico 1775, 1740, 1695, 1670. 
then added 1 g of 4-ethyl-2,3-dioxo-l-piperazinocarbo- NMR (dsDMSO) T values: 0.18 (1H, d), 0.77 (1H, d), 
nyl chloride, and the resulting mixture was reacted at 2.66 (SH, s), 4.30 (1H, d), 4.40 (3H, br), 4.48 (1H, g), 4.65 
15 to 20 C. for 2 hours. After the reaction, a deposited (1H, d), 5.80 (1H, s), 6.12 (2H, bs), 6.45 (2Hs, bs), 7.06 
triethylamine hydrochloride was separated by filtration, 35 (3H, s), 8.48 (3H, s), 8.60 (3H, s). 
and the filtrate was incorporated with 0.4 g of n-butanol The above-mentioned operation was repeated, except 
to deposite crystals. The deposited crystals were col- that the 4-methyl-2,3-dioxo-1-piperazinocarbonyl chlo 
lected by filtration to obtain 1.25 g of white crystals of ride was replaced by 4-ethyl-2,3-dioxo-1-piperazinocar 
6-D(-)-a-(4-ethyl-2,3-dioxo-1-piperazinocar- bonyl chloride, to obtain a monohydrate of 6-D(-)-a- 
bonylamino)phenylacetamidopenicillanic acid. Into a 40 (4-ethyl-2,3-dioxo-1-piperazinocarbonylamino)- 
solution of said crystals in 30 ml of tetrahydrofuran was phenylacetamidopenicillanic acid, m.p. 154'-156' C. 
dropped a solution of 0.38 g of a sodium salt of 2-ethyl- (decomp.), yield 84.8%. 
hexonic acid in 10 ml of tetrahydrofuran, upon which IR (KBr) cm-l: vic-o 1775, 1735, 1705, 1680, 1665. 
white crystals were deposited. The deposited crystals NMR (d6-DMSO) T values: 0.20 (1H, d), 0.76(1H, d), 
were collected by filtration, sufficiently washed with 45 2.69 (5H, s), 4.32 (1H, d), 4.53 (1H, q), 4.64 (1H, d), 5.00 
tetrahydrofuran and then dried to obtain 1.25 g of a (3H, br), 5.83 (1H, s), 6.13 (2H, bs), 6.49 (2H, bs), 6.62 
sodium salt of 6-D(-)-a-(4-ethyl-2,3-dioxo-1- (2H, q), 8.44 (3H, s), 8.58 (3H, s), 8.91 (3H, t). 
piperazinocarbonylamino)phenylacetamidopenicil- The thus obtained monohydrate was neutralized with 
lanic acid, m.p. 183-185 C. (decomp.), yield 90%. an aqueous sodium hydrogencarbonate solution, and 

50 then subjected to filtration and freeze-drying to obtain a 
EXAMPLE 23 sodium salt of 6-D(-)-a-(4-ethyl-2,3-dioxo-1- 

To a suspension of 4 g of a trihydrate of 6-(D(-)-a- piperazinocarbonylamino)phenylacetamidopenicil 
aminophenylacetamidopenicillanic acid in 40 ml of lanic acid. 
water was added 20 ml of ethyl acetate, and the result- Further, a solution in 10 ml of nitromethane of 2 g of 
ing mixture was cooled to 2 C. Subsequently, the mix- 55 the aforesaid dihydrate of 6-D(-)-a-(4-methyl-2,3- 
ture was incorporated with 1.37 g of potassium carbon- dioxo-1-piperazinocarbonylamino)phenylacetamido 
ate, and then stirred at 2' to 3' C. for 2 minutes. There- penicillanic acid was allowed to stand overnight to 
after, 1.89 g of 4-methyl-2,3-dioxo-1-piperazinocarbo- deposit crystals, which were then collected by filtration 
nyl chloride was added to the mixture at said tempera- to obtain 2 g of a monohydrate of a nitromethane addi 
ture over a period of 10 minutes, and the resulting mix- 60 tion product of 6-D(-)-a-(4-methyl-2,3-dioxo-1- 
ture was reacted at said temperature for 15 minutes. piperazinocarbonylamino)phenylacetamidopenicil 
After the reaction, slight amounts of insolubles were lanic acid, m.p. 128-130' C. (decomp.), yield 92.2%. 
separated by filtration, and the filtrate was charged into Elementary analysis (for C22H25N5O.S.CH3NO2 
80 ml of ethyl acetate. Into the resulting mixture was H2O): Calculated (%). C:47.42 H: 5.19 N: 14.43. Found 
dropped 5 ml of 2 NHCl at 20' to 22' C. over a period 65 (%) C: 47.94 H: 5.13 N: 14.53. 
of 5 minutes, and the mixture was stirred at said temper- IR (KBr) cm-l: voo 1770, 1735, 1700, 1680. 
ature for 5 hours to deposit crystals. The deposited NMR (d6-DMSO) T values: 0.22(1H, d), 0.80 (1H, d), 
crystals were collected by filtration, washed two times 2.69 (5H, s), 3.30 (3H, br), 4.30 (1H, d), 4.46-4.70 (2H), 
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5.67 (3H, s), 5.81 (1H, s), 6.13 (2H, bs), 6,46 (2H, bs), 
7.07 (3H, s), 8.45 (3H, s), 8.58 (3H, s). 

EXAMPLE 24 

To a suspension of 1.6 g of a trihydrate of D(-)-a- 
aminobenzyl penicillin in 20 ml of water was added at 2' 
to 3' C. 0.54 g of potassium carbonate, and the resulting 
mixture was stirred for 3 minutes. To the mixture was 
gradually added 0.81 g of 4-ethyl-2,3-dioxo-1- 
piperazinocarbonyl chloride at said temperature over a 
period of 10 minutes, and the mixture was reacted for 15 
minutes. After the reaction, slight amounts of insolubles 
formed were separated by filtration, and the filtrate was 
charged into 10 ml of methyl n-propyl ketone. Into the 
resulting mixture was dropped 1.98 ml of 2 NHCl at 15' 
to 20' C. over a period of 2 minutes, and the mixture 
was stirred at said temperature for 1 hour to deposit 
crystals. The deposited crystals were collected by filtra 
tion, washed two times with 2 ml of water, further 

10 

15 

washed two times with 2 ml of methyl n-propyl ketone, 20 
and then dried to obtain 1.7 g of a monohydrate of 
D(-)-a-(4-ethyl-2,3-dioxo-1-piperazinocar 
bonylamino)benzylpenicillin, m.p. 152-154 C. (de 
comp.), yield 80.2%. 
The thus obtained product was neutralized with an 25 

aqueous sodium hydrogencarbonate solution, and then 
subjected to filtration and freeze-drying to obtain a 
sodium salt of the said product. 

EXAMPLE 25 

A suspension of 4.0 g of a monohydrate of 7-D(-)- 
30 

154 
solution were gradually added 2.5 g of crystals of 4 
methyl-2,3-dioxo-1-piperazinocarbonyl chloride over a 
period of 10 minutes. During this period, the pH of the 
reaction solution was maintained at 7.5 to 8.0 by gradual 
addition of triethylamine. Subsequently, the resulting 
mixture was reacted at O' to 5 C. for 15 minutes while 
maintaining the pH thereof at 7.5 to 8.0. After the reac 
tion, the reaction liquid was stirred together with 60 ml 
of diethyl ether and 70 ml of water, and then the aque 
ous layer was separated off. The thus obtained aqueous 
layer was washed with 30 ml of ethyl acetate, cooled to 
0' to 5' C., and then adjusted to a pH of 1.5 by addition 
of dilute hydrochloric acid to deposit white crystals. 
The deposited crystals were collected by filtration, 
sufficiently washed with water and then dried to obtain 
4.7 g of white crystals of 7-D(-)-a-(4-methyl-2,3-diox 
o-1-piperazinocarbonylamino)phenylacetamido-3- 
methyl-A-cephem-4-carboxylic acid, m.p. 185'-186' C. 
(decomp.), yield 86%. 
IR (KBr) cm-l: voo 1770-1760 (lactam), 

7120-1660 (-CON<, -COOH). 
NMR (d6-DMSO) T values: 0.1 (1H, d), 0.56 (1H, d), 

2.62 (5H, s), 4.26-4.37 (2H, dd), 5.05 (1H, d), 6.1 (2H, 
bs), 6.47 (2H, bs), 6.63 (2H, s), 7.05 (3H, s), 8.02 (3H, s). 
The above-mentioned operation was repeated, except 

that the 4-methyl-2,3-dioxo-l-piperazinocarbonyl chlo 
ride was replaced by each of the reactive derivatives of 
compounds of formula (II) shown in Table 21, to ob 
tain respective objective compounds as shown in Table 
21. The structure of each objective compound was 
confirmed by IR and NMR. 
TABLE 21 

Reactive derivative of 
compound of formula (III) Objective compound 

O O D(-)- 
W . A O O 

W A 
CH3CH2-N N-COC S 

V CH3CH2-N n-color \-/ e N CH3 
O 

COOH 
m.p. (decomp.) 168' C., yield 80% 

O O d(-)- 
W A O O 

W A 
CH3CHCH-N N-COC S 

V f CH3CHCH-N n-colour \-/ N CH 
O 

COOH 
m.p. (decomp) 160" C., yield 80.5% 

A. a' 
M S 

CH3(CH2CH2-N N-COC CH3(CH2CH-N n-colour 
V-1 M- o? N CH3 

COOH 
m.p. (decomp,) 50 C., yield 76% 

a-aminophenylacetamidol-3-methyl-A-cephem-4-car 
boxylic acid in 60 ml of tetrahydrofuran containing 65 
20% by volume of water was adjusted to a pH of 8.0 to 
8.5 by gradual addition of triethylamine with stirring to 
form a solution, which was then cooled to 0 C. To this 

EXAMPLE 26 

(1) To a solution of 0.92 g of 1-n-pentyl-2,3-dioxo-pip 
erazine in 15 ml of anhydrous dioxane were added 1.1 
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ml of triethylamine and 1.08 g of trimethylsilyl chloride. 
The resulting mixture was stirred at room temperature 
for 20 hours to form triethylamine hydrochloride. This 
hydrochloride was separated by filtration, and the fil 
trate was dropped at 0 to 5' C, into a solution of 0.6 g. 
of phosgene in 10 ml of anhydrous tetrahydrofuran. 
Subsequently, the resulting mixture was reacted at 5' to 
10' C. for 30 minutes and then at room temperature for 
2 hours. Thereafter, the solvent was removed by distil 
lation under reduced pressure to obtain 1.21 g of pale 
yellow, oily 4-in-pentyl-2,3-dioxo-1-piperazinocarbonyl 
chloride. 
IR (film) cm-l: voo 1790, 1720-1665. 
(2) A suspension of 1.70 g of a monohydrate of 7 

D(-)-a-aminophenylacetamido-3-methyl-A-ceph 
em-4-carboxylic acid in 50 ml of tetrahydrofuran con 
taining 20% by volume of water was adjusted to a pH of 
8.0 to 8.5 by addition of triethylamine with stirring to 
form a solution. This solution was cooled to O' to 5 C., 
and 7 ml of an anhydrous tetrahydrofuran solution con 
taining 1.21 g of the 4-n-pentyl-2,3-dioxo-1- 
piperazinocarbonyl chloride obtained in (1) was 
dropped into the solution. During this period, the pH of 
the solution was maintained at a pH of 7.5 to 8.0 by 
addition of triethylamine. Subsequently, the resulting 
mixed solution was reacted at 0 to 5 C. for 1 hour and 
then at 5' to 10' C. for 2 hours while maintaining the pH 
thereof at 7.5 to 8.0. After the reaction, the tetrahydro 
furan was removed by distillation under reduced pres 
sure, and the residue was dissolved in 20 ml of water 

10 

15 

25 

156 
and then washed two times with 20 ml of ethyl acetate. 
The aqueous layer was again charged with 40 ml of 
ethyl acetate, and then adjusted to a pH of 1.5 by grad 
ual addition of dilute hydrochloric acid with ice-cool 
ing. Subsequently, the ethyl acetate layer was separated 
off, washed with water, and then dried over anhydrous 
magnesium sulfate. Thereafter, 10 ml of an ethyl acetate 
solution containing 0.75 g of sodium 2-ethylhexonate 
was dropped into the layer at O' to 5' C. to deposit 
white crystals. The deposited crystals were collected by 
filtration, and washed with ethyl acetate and then with 
diethyl ether to obtain 1.95 g of a sodium salt of 7 
D(-)-a-(4-n-pentyl-2,3-dioxo-1-piperazinocar 
bonylamino)phenylacetamido)-3-methyl-A-cephem-4- 
carboxylic acid, m.p. 164'-166 C. (decomp.), yield 
75%. 
IR (KBr) cm-l: voo 1750 (lactam), 1720-1660 

(-CON<), 1590 (-COOe). 
NMR (d6-DMSO--D2O) t values: 2.58 (5H, s), 4.33 

(1H, s), 4.49 (1H, d), 5.17 (1H, d), 6.10 (2H, bs), 
6.42-6.87 (6H, m), 8.09 (3H, s), 8.60-8.90 (6H, bs), 9.12 
(3H, t). 
The above-mentioned operation was repeated, except 

that the 4-n-pentyl-2,3-dioxo-1-piperazinocarbonyl 
chloride was replaced by each of the reactive deriva 
tives of compounds of formula (III) shown in Table 22, 
to obtain respective objective compounds as shown in 
Table 22. The structure of each objective compound 
was confirmed by IR and NMR. 

TABLE 22 
Reactive derivative of 
compound of formula (III) Objective compound 

D(-)- 
O O O O 
W A W A 

A M S 

CH3(CH2)4CH2-N N-COCl CH3(CH2)4CH2-N n-colour 
V-1 V-1 d D o? N CH3 

COONa 
m.p. (decomp.) ió0' C., yield 77.7% 

D(-)- 
O O O O 
W A V A 

S 

CH3(CH2)5OH-N N-COCl CH3(CH2)5OH-N n-colour 
\-/ V- d D o? N CH3 

COONa 
m.p. (decomp.) 158' C, yield 78% 

D(-)- 

a' 
A S 

CH3(CH2)6CH2-N N-COC CH3(CH2)6CH-N n-colour 
V / V-1 o? N CH3 

COONa 
mp. (decomp) 154' C, yield 78% 
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TABLE 22-continued 
Reactive derivative of 
compound of formula (III) Objective compound 

O O 
Af A. 

S 

CH3CHOCO-N N-COC CHCHOCO-N n-colour 
6 o' 3 

COONa 
m.p. (decomp.) 185-188 C., yield 7.7% 

D(-)- 
O O 

A. A. 
S 

CH3(CH2)4CH2-N N-COC CH3(CH2)CH-N n-colour 
\ / \-/ N CH () -- ch 

COONa 
m.p. (decomp.) 135-137 C., yield 79.2% 

of ethyl acetate. The aqueous laver was again charged 
EXAMPLE 27 y C y 8 2 

Using 1.5 g of a hydrochloride of methoxymethyl 
ester of 7-D(-)-a-aminophenylacetamido-3-methyl 
A-cephem-4-carboxylic acid and 0.65 g of 4-methyl 
2,3-dioxo-1-piperazinocarbonyl chloride, the same op-30 
eration as in Example 25 was repeated to obtain 1.6 g of 
a methoxymethyl ester of 7-D(-)-a-(4-methyl-2,3- 
dioxo-1-piperazinocarbonylamino)phenylacetamido-3- 
methyl-A-cephem-4-carboxylic acid, m.p. 146-148 C. 
(decomp.), yield 86%. 

IR (KBr) cm: vo-o 1770 (lactam), 1710 (ester), 
1680-1600 (-CON<). 

EXAMPLE 28 

To a suspension of 0.20 g of 7-D(-)-a-amino- 0 
phenylacetamidol-3-acetoxymethyl-A-cephem-4-car 
boxylic acid in 15 ml of anhydrous chloroform was 
added 0.17 ml of triethylamine with stirring to form a 
solution, which was then cooled to 0 C. To this solu 
tion was added 0.11 g of 4-methyl-2,3-dioxo-1- 
piperazinocarbonyl chloride, and the resulting mixture 
was reacted at room temperature for 2 hours. After the 
reaction, the reaction liquid was evaporated under re 
duced pressure, and the residue was dissolved in 15 ml 
of water. The resulting solution was washed with 10 ml 

35 

with 20 ml of ethyl acetate, and then adjusted to a pH of 
1.5 by addition 2 N hydrochloric acid with ice-cooling. 
Subsequently, the ethyl acetate layer was separated off, 
successively washed with water and a saturated aque 
ous sodium chloride solution, and then dried over mag 
nesium sulfate. Thereafter, the solvent was removed by 
distillation under reduced pressure to obtain 0.22 g of 
white crystals of 7-D(-)-a-(4-methyl-2,3-dioxo-1- 
piperazinocarbonylamino)phenylacetamido-3-acetox 
ymethyl-A-cephem-4-carboxylic acid, m.p. 175 C. 
(decomp.), yield 76%. 
IR (KBr) cm 1: vico 1770 (lactam), 1720-1650 

(-CON<, -COOH). 
NMR (d6-DMSO) r values: 0.23 (1H, d), 0.63 (1H, d), 

2.66 (5H, s), 4.32 (1H, q), 4.43 (1H, d), 5.05 (1H, d), 5.21 
(2H, q), 6.15 (2H, bs), 6.40 (2H, bs), 6.57 (2H, bs), 7.0 
(3H, s), 8.0 (3H, s). 
The above-mentioned operation was repeated, except 

that the 4-methyl-2,3-dioxo-1-piperazinocarbonyl chlo 
ride was replaced by each of the reactive derivatives of 
compounds of formula (III) shown in Table 23, to ob 
tain respective objective compounds as shown in Table 
23. The structure of each objective compound was 
confirmed by IR and NMR. 

TABLE 23 

Reactive derivative of 
compound of formula (III) Objective compound 

D(-)- 
O O O O 
W A W A 

S 

CH3CH2CH2-N N-COC CH3CHCH-N n-colour 
\-/ \-/ e-r N CHOCOCH3 6 a Ne 

COOH 
m.p. (decomp.) 50 C., yield 83.4% 
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TABLE 23-continued 

Reactive derivative of 
compound of formula (III) Objective compound 

O O O O 
W . A W A 

W M S 

CH3CH-N Name COC CH3CH-N n-coloni 
\-/ \-/ 6 e-N CHOCOCH3 

COOH 
m.p. (decomp.) 165' C., yield 83% 

D(-)- 
O O O O 
W. A W A 

S 

(CH3CH-N NeCOC (CH3)2CH-N n-coront 
\-/ \-/ 6 e-N CHOCOCH 

COOH 
n.p. (decomp.) 146' C, yield 82% 

D(-)- 

A. A 
S 

CHCH-N N-CSC CH3CH-N n-ajor 
\-/ \-/ 6 e-N CHOCOCH3 

COOH 
m.p. (decomp.) 112" C., yield 95% 

D(-)- 

AP a' 
CH3-N NCSC CH3-N -cent 

\ / \-/ 6 e-N CHOCOCH3 
COOH 

m.p. (decomp) 134" C., yield 90.2% 

The aforesaid 7-D(-)-a-(4-methyl-2,3-dioxo-1- 
piperazinocarbonylamino)phenylacetamido-3-acetox 
ymethyl-A-cephem-4-carboxylic acid, m.p. 175' C. 
(decomp.), was recrystallized from hydrous acetone to 45 
obtain white crystals showing a melting point of 198' to 
200 C. (decomp.) 

EXAMPLE 29 

(1) To a solution of 28.2 g of a sodium salt of D(-)- 50 
phenylglycine in 150 ml of water were added 200 ml of 
ethyl acetate and 18.2 g of triethylamine, and the result 
ing mixture was cooled to O' C. To this mixture was 
added 34.3 g of 4-methyl-2,3-dioxo-1-piperazinocarbo 
nyl chloride over a period of 15 minutes, and the mix- 55 
ture was reacted at 5' to 10 C. for 15 minutes. Thereaf 
ter, the aqueous layer was separated off and adjusted to 
a pH of 0.5 by addition of 2N hydrochloric acid with 
ice-cooling to deposit crystals. The deposited crystals 
were collected by filtration and then dried to obtain 42 60 
g of white crystals of D(-)-a-(4-methyl-2,3-dioxo-1- 
piperazinocarbonylamino)phenylacetic acid, m.p. 195 
C. (decomp.). 
IR (KBr) cm 1: voo 1700, 1660. 
NMR (d6-DMSO) T values: 0.1 (1H, d), 2.65 (5H, s), 65 

4.60 (IH, d), 6.10 (2H, bs), 6.50 (2H, bs), 7.0 (3H, s). 
(2) To a suspension in 15 ml of anhydrous methylene 

chloride of 0.31 g of the D(-)-a-(4-methyl-2,3-dioxo-1- 

piperazinocarbonylamino)phenylacetic acid obtained in 
the above-mentioned item (1) was added 0.11 g of N 
methylmorpholine with stirring to form a solution, 
which was then cooled to -20C, To this solution was 
added 3 ml of an anhydrous methylene chloride solution 
containing 0.13 g of ethyl chlorocarbonate, and the 
resulting mixture was reacted at -10' to 20' C. for 60 
minutes to form a mixed acid anhydride. Into the thus 
formed acid anhydride was dropped a solution formed 
by adding 0.50 ml of triethylamine to a suspension in 5 
ml of methanol of 0.41 g of 7-amino-3-2-(5-methyl 
1,3,4-thiadiazolyl)-thiomethyl)-A-cephem-4-carboxylic 
acid. After the dropping, the resulting mixture was 
reacted at -50' to -30 C. for 30 minutes, at -30 to 
-20 C. for 30 minutes, at -20 to O' C. for 60 minutes, 
and then at room temperature for 30 minutes. Thereaf 
ter, the reaction liquid was concentrated under reduced 
pressure, and the concentrate was dissolved in 10 ml of 
water, washed with 5 ml of ethyl acetate, again charged 
with 15 ml of ethyl acetate, and then adjusted to a pH of 
1.5 by addition of 2N hydrochloric acid with ice-cool 
ing. Subsequently, insolubles were separated by filtra 
tion, and the ethyl acetate layer was separated off, suc 
cessively washed with water and a saturated sodium 
chloride solution, dried over magnesium sulfate, and 
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then freed from the solvent by distillation under re 
duced pressure to obtain 0,58 g of pale yellow crystals 
of 7-D(-)-a-(4-methyl-2,3-dioxo-1-piperazinocar 
bonylamino)phenylacetamido-3-2-(5-methyl-1,3,4- 
thiadiazolyl)thiomethyl)-A-cephem-4-carboxylic acid, 5 
m.p. 160" C. (decomp), yield 91%. 
IR (KBr) cm-l: vico 1780 (lactam), 1650-1720 

(-CON<, -COOH). 
NMR (d6-DMSO) T values: 
0.2 (1H, d), 0.6 (1H, d), 2.60 (5H, s), 4.35 (1H, q), 4.40 

(1H, d), 5.0 (1H, d), 5.70 (2H, q), 6.10 (2H, bs), 6.25-6.55 
(2H, 2H, bs), 7.0 (3H, s), 7.30 (3H, s). 
The above-mentioned operation was repeated, except 

that the D(-)-o-(4-methyl-2,3-dioxo-1-piperazinocar 
bonylamino)phenylacetic acid was replaced by each of 15 
the compounds of formula (V) shown in Table 24, to 
obtain respective objective compounds as shown in 
Table 24. The structure of each objective compound 
was confirmed by IR and NMR. 

O 
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EXAMPLE 30 

Using 0.3 g of D(-)-a-(4-methyl-2,3-dioxo-1- 
piperazinocarbonylamino)phenylacetic acid and 0.33 g 
of 7-amino-3-5-(1-methyl-1,2,3,4-tetrazolyl)-thiome 
thyl)-A-cephem-4-carboxylic acid, the same operation 
as in Example 29 was repeated, to obtain 0.5 g of 7 
D(-)-a-(4-methyl-2,3-dioxo-l-piperazinocar 
bonylamino)phenylacetamido)-3-(5-(1-methyl-1,2,3,4- 
tetrazolyl)-thiomethyl)-A-cephem-4-carboxylic acid, 
m.p. 161-163' C. (decomp.), yield 76%. 
IR (nujol) cm 1: vollo 1775 (lactam), 1720-1660 

(-CON<, -COOH). 
NMR (d6-DMSO) T values; 0.02(1H, d), 0.34 (1H, d), 

2.48 (5H, s), 4.17 (1H, q), 4.26 (1H, d), 4.92 (1H, d), 5.66 
(2H, s), 6.01 (5H, s), 6.35 (4H, s), 7.0 (3H, s). 
The above-mentioned operation was repeated, except 

that the D(-)-a-(4-methyl-2,3-dioxo-1-piperazinocar 
bonylamino)phenylacetic acid was replaced by each of 
the compounds of formula (V) shown in Table 25, to 
obtain respective objective compounds as shown in 
Table 25. The structure of each objective compound 
was confirmed by IR and NMR. 

TABLE 24 

Compound of formula (V) 

D(-)- 

Objective compound 

CHCH-N N-CONHCHCOOH 
S 

CH3CH2-N -colour NN \/ - N CHs- CH3 (3) o? S 
COOH 

V/ () 
m.p. (decomp.) 150' C., yield 91% 

D(-)- D(-)- 

A a' 
AV /V s 

CH3CHCH-N N-CONHCHCOOH 
S 

CH3CH2CH2-N -colour N-N - N Chs- CH3 (3) o? S 
COOH 

V/ ($ V/ 
mp, (decomp) 147" C., yield 85.4% 

D(-)- D(-)- 

AP 
?y ?y 

CH3(CH2)CH-N N-CONHCHCOOH 
V/ 

S 

CH3(CH2)2CH-N -colour Nunn N - N CHs- CH 6 o? S 
COOH 

m.p. (decomp.) 144' C., yield 84.3% 

D(-)- 
O O 
W A ?y 

(C)-N NamconCHCOOH 

\/ () V/ 

S 

(O)-N -colour N - N. a N CHs- -CH, 6 O S 
COOH 

m.p. (decomp) 167" C, yield 93% 
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TABLE 25 
Compound of formula (V) Objective compound 
D(-)- D(-)- 

O O O O 
W A V. A 

S 
CH3CH2-N N-CONHCHCOOH CH3CH2-N N-CONHCHCONH N N 

\-( \-( o? N Chs-l N 
CH3 CH3 

COOH CH3 

m.p. (decomp.) 170', C., yield 63.6% 
D(-)- D(-)- 

S 
CH3-N N-CONHCHCOOH CH3-N N-CONHCHCONH N N 

\-( \-( a N Ne CHs- 1. 
CH3 CH 

COOH CH3 
m.p. (decomp.) 173' C., yield 68% 

D(-)- D(-)- 
O O O O 
W A W A 

S 

(O)- N N-CONHCHCOOH (C)- N n-colour N N \-/ () / (S - N --cis-- 
COOH CH3 

m.p. (decomp.) 163' C., yield 74.8% 

EXAMPLE 31 
Using 0.30 g of D(-)-a-(4-methyl-2,3-dioxo-1- 

piperazinocarbonylamino)phenylacetic acid and 0.34g 
of 7-amino-3-(5-(1,3,4-thiadiazolyl)thiomethyl)-A- 
cephem-4-carboxylic acid, the same operation as in 
Example 29 was repeated, to obtain 0.47 g of 7-D(-)- 
a-(4-methyl-2,3-dioxo-1-piperazinocarbonylamino)- 
phenylacetamido)-3-5-(1,3,4-thiadiazolyl)thiomethyl 
A-cephem-4-carboxylic acid, m.p. 158-159 C. (de 
comp.), yield 71.5%. 
IR (nujol) cm-l: voo 1775 (lactam), 1720-1660 

(-CON<, -COOH). 
The above-mentioned operation was repeated, except 

that the D(-)-a-(4-methyl-2,3-dioxo-l-piperazinocar 
bonylamino)phenylacetic acid was replaced by D(-)- 
a-(4-ethyl-2,3-dioxo-1-piperazinocarbonylamino)- 
phenylacetic acid, to obtain 7-D(-)-a-(4-ethyl-2,3- 
dioxo-1-piperazinocarbonylamino)phenylacetamido-3- 
5-(1,3,4-thiadiazolyl)-thiomethyl)-A-cephem-4-car 
boxylic acid, m.p. 123 C. (decomp.), yield 64.5%. 
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EXAMPLE 32 
Using 0.31 g of D(-)-a-(4-methyl-2,3-dioxo-1- 

piperazinocarbonylamino)phenylacetic acid and 0.39 g 
of 7-amino-3-2-(1-methyl-1,3,4-triazolyl)thiomethyl 
A-cephem-4-carboxylic acid, the same operation as in 
Example 29 was repeated, except that the methanol was 
replaced by anhydrous methylene chloride, to obtain 
O.43 3. of 7-D(-)-a-(4-methyl-2,3-dioxo-1- 
piperazinocarbonylamino)phenylacetamido-3-2-(1- 
methyl-1,3,4-triazolyl)-thiomethyl-A-cephem-4-car 
boxylic acid, yield 70%. 
IR (nujol) cm-l: voo 1780 (lactam), 1720-1650 

(-CONC, -COOH). 
The above-mentioned operation was repeated, except 

that the D(-)-a-(4-methyl-2,3-dioxo-1-piperazinocar 
bonylamino)phenylacetic acid was replaced by each of 
the compounds of formula (V) shown in Table 26, to 
obtain respective objective compounds as shown in 
Table 26. The structure of each objective compound 
was confirmed by IR and NMR. 

TABLE 26 
Compound of formula (V) Objective compound 
D(-)- D(-)- 

O O O O 
W . A V. A 
/-, 

CHCH-N N-CONHCHCOOH N 

(3) 
V S 

CH3CH-N n-colour N \-/ e- N CHs 
O N 

COOH kh, 
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TABLE 26-continued 
Compound of formula (V) Objective compound 

m.p. (decomp.) 147 C., yield 68.5% 
D(-)- d(-)- 

S 

N NCONHCHCOOH N n-coront N N 
\ / \-/ e-N CHs- 1 

N 

COOH th 

m.p. (decomp.) 158' C., yield 74.5% 

the compounds of formula (V) shown in Table 27, to 
EXAMPLE 33 obtain respective objective compounds shown in Table 

The procedure of Example 29 was repeated, except 20 27. The structure of each objective compound was 
that the D(-)-a-(4-methyl-2,3-dioxo-1-piperazinocar- confirmed by IR and NMR. 
bonylamino)phenylacetic acid was replaced by each of 

TABLE 27 
Compound of formula (W) Objective compound 

D(-)- D(-)- 

O O 
A. A. 

W V f V S 
CH3CO-N N-CONHCHCOOH CH3CO-N -colour N - N 

o? N 2 Chs- S 1-CH, 
COOH 

O-)- D(-)- 

O O 
A. A. 

S 

CHSO-N N-CONHCHCOOH CHSO-N -colour N-N 
N CHS CH o? 21 2 -1- 3 

& COOH 

O O 
A. A. 

A V /V S 

CH3-N N-CONHCHCOOH CH3-N -colour Name N 
N CHS CH o? a 2 -l 1-CH, 

COOH 

S 

CH3CH-N N-CONHCHCOOH CHCH-N i-colour N-N V- V-1 
N CHS CH o? 2 2 S 

COOH 

)- 

y 
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TABLE 27-continued 
Compound of formula (V) Objective compound 

O 
A. Af 

?\ S 
CH3CONHCO-N N-CONHCHCOOH CH3CONHCO-N -colour 

e-N CHS- 1-CH, 
COOH 

CH3CH-N N-CONHCHCOOH 

W W 
HN NCONHCHCOOH 

O O 

A A. 
/V /V 

CH3CO-N N-CONHCHCOOH 

O O 

Nam N 

S 

CH3-N -colour 
o? N CHS- 1-CH, 

COOH 

Name N. 
S 

CHCH-N -colour 
o? N CHs- 1-CH, 

COOH 

S 

HN -colour N-ass N 
A. f oa N CHS- 1-CH, 

COOH 

S 

CH3CO-N -colour N-al-N 
Af Af o? N CHS- 1-CH, 

COOH 

EXAMPLE 34 

The procedure of Example 30 was repeated, except 
that the D(-)-a-(4-methyl-2,3-dioxo-1-piperazinocar 
bonylamino)phenylacetic acid was replaced by each of 

the compounds of formula (V) shown in Table 28, to 
obtain respective objective compounds shown in Table 
28. The structure of each objective compound was 
confirmed by IR and NMR. 

TABLE 2.8 
Compound of formula (V) Objective compound 
D(-)- D(-)- 

O 
A. 

A V A V S 
CH3CO-N N-CONHCHCOOH CH3CO-N N-CONHCHCONH N N 

N CH s-l 2 o? N1 
COOH CH 
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TABLE 28-continued 
Compound of formula (V) Objective compound 

A V A V S 
HN N-CONHCHCOOH HN -colour N N \/ 
/ / o? Ne CHs- N N 

COOH CH3 

D(-)- D(-)- 

A' a' 
y / V S 

CH3CO-N N-CONHCHCOOH CH3CO-N N-CONHCHCONH N N 
\/ 

/ / a N Ne chs- N N 
COOH th 

EXAMPLE 35 

(1) To a suspension of 0.9 g of D(-)-a-alanine in 15 
ml of water was added 2.05 g of triethylamine to dis 
solve D(-)-a-alanine in water, and the resulting solu 
tion was cooled to 0 C. To the solution was added 2.3 
g of 4-methyl-2,3-dioxo-1-piperazinocarbonyl chloride 
over 15 minutes, after which reaction was effected for 
30 minutes with ice-cooling. Dilute hydrochloric acid 
was then added to the reaction product to adjust the pH 
thereof to 2.0. The water was removed by distillation 
under reduced pressure, and 30 ml of acetone was 
added to the residue, after which insolubles were fil 
tered off. To the resulting acetone solution was added 35 
10 ml of an acetone solution of 1.6 g of a sodium salt of 
2-ethylhexonic acid, and the deposited crystals were 
collected by filtration, and dried to obtain 2.1 g of a 
sodium salt of D(-)-a-(4-methyl-2,3-dioxo-1- 
piperazinocarbonylamino)propionic acid having a melt 
ing point of 115'-8" C. (decomp.), yield 78.5%. 
IR (KBr) cm-l: vico 1700, 1680, 1600 (-CON<, 

-COOe). 
(2) In the same manner as in Example 32, 7-D(-)-a- 

(4-methyl-2,3-dioxo-1-piperazinocarbonylamino)pro 
pionamido)-3-acetoxymethyl-A-cephem-4-carboxylic 
acid was obtained from a sodium salt of DC-)-a-(4- 
methyl-2,3-dioxo-1-piperazinocarbonylamino)pro 
pionic acid and 7-amino-3-acetoxymethyl-A-cephem-4- 
carboxylic acid. The thus obtained product was dis 
solved in 20 ml of acetone, and a solution of 0.65 g of a 
sodium salt of 2-ethylhexonic acid in 5 ml of acetone 
was added to the resulting solution. The deposited crys 
tals were collected by filtration and dried to obtain 1.2 
g of sodium salt of 7-D(-)-a-(4-methyl-2,3-dioxo-1- 
piperazinocarbonylamino)propionamido)-3-acetox 
ymethyl-A-cephem-4-carboxylic acid having a melting 
point of 195 C. (decomp.), yield 67.7%. 
IR (KBr) cm-l: vico 1780 (lactam), 1710-1660 

(-CON<), 1600 (-COOe). 
EXAMPLE 36 

In the same manner as in Example 32, 7-D(-)-a-(4- 
methyl-2,3-dioxo-1-piperazinocarbonylamino)-p- 
hydroxyphenylacetamido)-3-(5-(1-methyl-1,2,3,4-tet 
razolyl)-thiomethyl-A-cephem-4-carboxylic acid was 
obtained from 7-amino-3-5-(1-methyl-1,2,3,4-tet 
razolyl)-thiomethyl-A-cephem-4-carboxylic acid and 

25 
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D(-)-a-(4-methyl-2,3-dioxo-1-piperazinocar 
bonylamino)-p-hydroxyphenylacetic acid. 

Melting point (decomp.), 147"-9" C.; yield, 62.0% 
IR (KBr) cm-l: voo 1765 (lactam), 1720-1660 

(-CON<, -COOH). 
In the same manner as above, 7-DC-)-a-(4-ethyl-2,3- 

dioxo-1-piperazinocarbonylamino)-p-hydroxy 
phenylacetamido-3-5-(1-methyl-1,2,3,4-tetrazolyl)thi 
omethyl)-A-cephem-4-carboxylic acid, m.p. 188-190" 
C. (decomp.), yield 80.7%, was obtained from 7-amino 
3-5-(1-methyl-1,2,3,4-tetrazolyl)thiomethyl)-A-ceph 
em-4-carboxylic acid and D(-)-a-(4-ethyl-2,3-dioxo-1- 
piperazinocarbonylamino)-p-hydroxyphenylacetic 
acid. 

EXAMPLE 37 

In the same manner as in Example 29, 7-D(-)-a-(4- 
methyl-2,3-dioxo-l-piperazinocarbonylamino)- 
phenylacetamido)-3-azidomethyl-A-cephem-4-car 
boxylic acid was obtained from D(-)-a-(4-methyl-2,3- 
dioxo-1-piperazinocarbonylamino)phenylacetic acid 
and 7-amino-3-azidomethyl-A-cephem-4-carboxylic 
acid. 

Melting point (decomp.), 185'-8" C.; yield, 68.0% 
IR (KBr) cm-l: voo 1775 (lactam), 1720-1660 

(-CON<, -COOH). vN3 2090. 
EXAMPLE 38 

In 10 ml of a phosphoric acid buffer solution of a pH 
of 6.3 was suspended 0.57 g of 7-D(-)-a-(4-ethyl-2,3- 
dioxo-1-piperazinocarbonylamino)phenylacetamido-3- 
acetoxymethyl-A-cephem-4-carboxylic acid, and 0.07 
g of sodium hydrogencarbonate was dissolved therein. 
To the solution was then added 0.12 g of 1-methyl-5- 
mercapto-1,2,3,4-tetrazole to dissolve the latter in the 
former, and the solution was subjected to reaction for 
24 hours while maintaining the pH of the solution at 
6.5-6.7 by using dilute hydrochloric acid and sodium 
hydrogencarbonate. After the reaction, the reaction 
liquid was cooled, and then adjusted to a pH of 5.0 by 
adding dilute hydrochloric acid. The reaction liquid 
was sufficiently washed with ethyl acetate, after which 
the aqueous layer was separated off and then adjusted to 
a pH of 1.5 by adding dilute hydrochloric acid thereto. 
The deposited crystals were collected by filtration and 
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dried, after which the dried crystals were washed with 
ethyl acetate to obtain 0.40 g of 7-D(-)-a-(4-ethyl-2,3- 
dioxo-1-piperazinocarbonylamino)phenylacetamido)-3- 
5-(1-methyl-1,2,3,4-tetrazolyl)thiomethyl)-A-cephem 
4-carboxylic acid, m.p. 163-165 C. (decomp.), yield 5 boxylic 
74.5%. 
IR (KBr) cm-l: voo 1775 (lactam), 1720-1660 

(-CON<, -COOH). 
NMR (d6-DMSO) 6values: 0.18 (1H, d), 0.55 (1H, d), 

2.64 (5H, s), 4.3 (1H, q), 4.4 (1H, d), 5.0 (1H, d), 5.75 10 
(2H, s), 6.05 (5H, s), 6.3-6.8 (6H), 8.92 (3H, t). 

174 
In the same manner as above, the objective com 

pounds shown in Table 29 were obtained from 7-D(-)- 
a-(4-methyl-2,3-dioxo-1-piperazinocarbonyl)- 
phenylacetamido)-3-acetoxymethyl-A-cephem-4-car 

acid of 7-D(-)-a-(4-ethyl-2,3-dioxo-1- 
piperazinocarbonylamino)phenylacetamido-3-acetox 
ymethyl-A-cephem-4-carboxylic acid and the com 
pounds of formula (VII) shown in Table 29. All the 
objective compounds were D(-) isomers, and the 
structure of each objective compound was confirmed 
by IR and NMR. 

S 

n-colour N N CHs-l N o? N 1. 

COOH 

/ M S 

CH3-N n-colour N \ / N CH2S - N --CHs- 1 
COOH 

S 

n-colour N N N CH2S 

(Ö) o? 21 -l N H 

CH3 

N 
S 

N 

N Clar S 1-c. 
COOH 

N 

TABLE 29 

Compound of 
formula (VII) Objective compound 
N N O O 
I W . A 
N N l 

SH CH-N 

CH3 V-1 

m.p. (decomp) 168-170 C, yield 83% 

N N O O 

1 - )- 
CH3 S SH CH3CH2-N N-CONHCHCONH 

m.p. (decomp) 150 C, yield 73.4% 

N N O O 

ul W A 
S SH 

m.p. (decomp.) 158-159' C., yield 78.5% 

N N O O 
V. A 

ll /- 
SH CH3-N 

m.p. (decomp.) 175-180' C., yield 73.4% 

ul W. A 
N 
NN SH 
H 

/ M S 

CH3-N n-colour N \-/ at N Ne CHs- 1. 
COOH H 

m.p. (decomp.) 163-165' C, yield 72.5% 
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TABLE 29-continued 
Compound of 
formula (VII) Objective compound 
N N O O 

W A 
f V S 

SH CH3CH-N n-colour N N V f 
- N CHs- N 

O N 

COOH H 

m.p. (decomp.) 159-160" C., yield 66% 

NN 

CH- l S 
O SH CH3-N n-coront N N \-/ e-N Chs- ul-CH, 

O 

COOH 

m.p. (decomp.) 128-129' C., yield 67.7% 

O O O 
V W 

N - S O 

CH3- y CH3-N NCONHCHCONH N 

Name N \-/ N Chs- -a, 
CH3 O 

COO N 

CH 

mp, (decomp) 95-98 C., yield 66.6% 

O O CH N V 

- S 

O CHCH-N n-colour N CH 
\ / N CHs of 

COOH 

mp, (decomp) 175-180' C, yield 78.0% 

ot- N 1. / v. S 
S CH-N -opio N CHis 

\-/ - Nu-CHS 
S COOH 

m.p. (decomp) 156-157 C, yield 67.0% 

O O 
W A 

Gl. act-O-coront S O 
\ / N Pla N 

O y 
o1 

Coo 

mp. (decomp.) 177-180 C, yield 70.3% 
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TABLE 29-continued 
Compound of 
formula (VII) Objective compound 

- f V S 

S SH CH3-N n-colour N 
\ / 1-cis- ) O 

COOH S 

mp, (decomp.) 180-182' C., yield 68.7% 

CH3 O O 
V A 
/- S H. 

-SH CH3-N n-colour N 

COO N 

m.p. (decomp.) 182-184' C, yield 68% 

N 

S 

N CH3-N n-colour N \-/ of N CHS-( ) 
COOH N 

m.p. (decomp.) 192-194'. C., yield 72.3% 

N-N 

CH3 O SH A V S 
CH3CH-N n-colour NN 

\-/ 1. N CHS CH 

COOH 

m.p. (decomp) 175-178' C, yield 63.0% 

NaN 

v-v S 

CH3-N n-colour \-/ o1 N CHN3 

COOH 

m.p. (decomp.) 185-188' C, yield 78% 

O O 
/ V V. A 

CH-N N--SN M S 
V f is CH3-N n-cool V 

\-/ e-N CHsi-N N-CH 
S V/ 

COOH 

m.p. (decomp) 189' C, yield 64.6% 
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TABLE 29-continued 
Compound of 
formula (VII) Objective compound 
CH O O 

W A 
M S 

-SNs CH3-N n-colour CH3 
N - O O \ / e-N CHs. 

COOH O O-N 

m.p. (decomp) 183' C., yield 69.1% 

- O O 
CHCH:o SN V Af 

S f M 

O 

S 

CH3-N n-color 
\-/ a N CHsOCHCH 

m S 
COOH 

m.p. (decomp.) 181-183' C., yield 64.3% 

EXAMPLE 39 

O 
V 

boxylic acid betaine having a melting point (decomp.) 
of 155-160 C, said product having the formula. 

O 

S 

CH3CH-N n-coco \-/ N CH-5 

In 10 ml of water was suspended 1.15g of 7-D(-)-a- 
(4-ethyl-2,3-dioxo-l-piperazinocarbonylamino)- 
phenylacetamidol-3-acetoxymethyl-A-cephem-4-car 
boxylic acid, and 0.17 g of sodium hydrogencarbonate 
was then dissolved therein, after which 0.48g of pyri 
dine and 4.1 g of potassium thiocyanate were added 
thereto. The resulting mixture was subjected to reaction 
at 60' C. for 5 hours while maintaining the pH of the 
mixture at 6.0 to 6.5 by adding dilute hydrochloric acid 
or sodium hydrogencarbonate. After the reaction, 20 ml 

40 

45 

COOH SCNe 

IR (KBr) cm-l: voo 1780 (lactam), 1720-1660 
(-CON<). uscy 2040. 

In the same manner as above, a thiocyanic acid salt of 
7-D(-)-a-(4-methyl-2,3-dioxo-1-piperazino-car 
bonylamino)phenylacetamido-3-pyridinomethyl-A- 
cephem-4-carboxylic acid betaine was obtained from 
7-D(-)-a-(4-methyl-2,3-dioxo-1-piperazinocar 
bonylamino)phenylacetamido-3-acetoxymethyl-A- 
cephen-4-carboxylic acid and pyridine, said product 
having the formula, 

O O 
W A 

M S 

CH-N n-cool \-/ N CH-Neb 

COOH SCN9 

of water was added to dilute the reaction mixture, 
which was then sufficiently washed with chloroform. 
The aqueous layer was then separated off and then 
adjusted to a pH of 1.5 by adding dilute hydrochloric 
acid. The deposited crystals were collected by filtra 
tion, dried, and then washed with acetone to obtain 1.04 
g(yield, 79.6%) of a thiocyanic acid salt of 7-D(-)-a-6 
(4-ethyl-2,3-dioxo-1-piperazinocarbonylamino)- 
phenylacetamido)-3-pyridinomethyl-A-cephem-4-car 

SO 

Melting point (decomp.), 180-185' C.; yield, 82.0%. 
In a conventional manner, the above two products 

were treated with an ion exchange resin to obtain the 
desired 7-D(-)-a-(4-ethyl-2,3-dioxo-1-piperazinocar 
bonylamino)phenylacetamido-3-pyridinomethyl-A- 
cephem-4-carboxylic acid betaine and 7-D(-)-a-(4- 
methyl-2,3-dioxo-1-piperazinocarbonylamino)- 
phenylacetamido)-3-pyridinomethyl-A-cephem-4-car 
boxylic acid betaine. 
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EXAMPLE 40 

In 85 ml of anhydrous methanol was dissolved 1.5 g. 
of a sodium salt of 7-D(-)-a-(4-ethyl-2,3-dioxo-1- 
piperazinocarbonylamino)phenylacetamido-3-2-(pyri- 5 
dyl-1-oxide)thiomethyl)-A-cephen-4-carboxylic acid. 
To the resulting solution was added 0.65 g of anhydrous 
cupric chloride, and the resulting mixture was stirred at 
room temperature for 15 minutes and then subjected to 
reaction at 50 C. for 14 hours. After the reaction, hy- 10 
drogen sulfide gas was passed through the reaction 
solution with ice-cooling for 20 minutes. The resulting 
insolubles were filtered off, and the filtrate was concen 
trated under reduced pressure. To the residue was 
added 20 ml of a 5% aqueous sodium hydrogencarbon- 15 
ate solution, and the insolubles were filtered off, after 
which dilute hydrochloric acid was added to the filtrate 
to adjust the pH to 6.5. The filtrate was then washed 
with 10-ml portions of ethyl acetate three times, after 
which the aqueous layer was separated off and then 20 
adjusted to a pH of 1.8 by adding dilute hydrochloric 
acid thereto. The thus deposited crystals were collected 
by filtration and then dried under reduced pressure and 
washed with 20 ml of an ethyl acetate-chloroform 
mixed solvent (1:1 by volume) to obtain 0.40 g of 7- 25 
D(-)-a-(4-ethyl-2,3-dioxo-1-piperazinocar 
bonylamino)phenylacetamido)-3-methoxymethyl-A- 
cephem-4-carboxylic acid, m.p. 162'-6" C. (decomp.), 
yield 30.5%. . 

IR (KBr) cm-l: voo 1770 (lactam), 1700 30 
(-COOH), 1666 (-CON<). 
NMR (d6-DMSO) t values: 0.13 (1H, d), 0.53 (1H, d), 

2.61 (5H, s), 4.31 (1H, q), 4.41 (1H, d), 4.96 (1H, d), 5.82 
(2H, s), 6.10 (2H, bs), 6.33 (2H, 2H, 2H, bs), 6.79 (3H, s), 
8.89 (3H, t). 35 

EXAMPLE 41 

To a solution of 3.2 g of D(-)-a-(4-ethyl-2,3-dioxo-1- 
piperazinocarbonylamino)phenylacetic acid in 20 ml of 
anhydrous methylene chloride and 5 ml of dimethyl- 40 
formamide was added 1.33 g of N,N-dimethylaniline. 
The resulting mixture was cooled to -15 to -10 C., 
and a solution of 1.14 g of ethyl chlorocarbonate in 5 ml 

182 
of anhydrous methylene chloride was dropped into said 
mixture over a period of 5 minutes. The mixture was 
reacted at said temperature for 60 minutes. 
On the other hand, to a suspension of 3.28 g of 7 

amino-3-(5-(1-methyl-1,2,3,4-tetrazolyl)thiomethyl)-A- 
cephem-4-carboxylic acid in 65 ml of anhydrous aceto 
nitrile was added 3.04 g of N.O-bis(trimethylsilyl)aceta 
mide to obtain a solution. The solution was cooled to 
-20' C. and poured into the aforesaid reaction mixture. 
Subsequently, the mixture was reacted at - 10 C. to 
-5' C. for 60 minutes, and at 5' to 10' C. for 60 min 
utes. After the reaction, to the reaction mixture 5 ml of 
methanol was added and the mixture was freed from 
insolubles by filtration. Thereafter the solvent was re 
moved by distillation under reduced pressure. The resi 
due was dissolved in a mixed solvent comprising 100 ml 
of water and 50 ml of ethyl acetate, and the resulting 
solution was adjusted to a pH of 7.5 to 8.0 by addition 
of sodium hydrogencarbonate, after which the aqueous 
layer was added 80 ml of ethyl acetate and 20 ml of 
acetone, and the resulting solution was adjusted to a pH 
of 1.5 by addition of dilute hydrochloric acid. Subse 
quently, the organic layer was separated off, sufficiently 
washed with water and then the solvent was removed 
from ethyl acetate layer by distillation under reduced 
pressure. The residue was dissolved in 15 ml of acetone, 
and to this solution was added 60 ml of 2-propanol with 
stirring to deposit white crystals. The deposited crystals 
were collected by filtration, sufficiently washed with 
2-propanol and then dried to obtain 5.26 g of 7-D(-)- 
a-(4-ethyl-2,3-dioxo-1-piperazinocarbonylamino)- 
phenylacetamido)-3-(5-(1-methyl-1,2,3,4-tetrazolyl)thi 
omethyl)-A-cephem-4-carboxylic acid, m.p. 163'-165 
C. (decomp.), yield 83.6%. The structure of this com 
pound was confirmed by IR and NMR. 
The above-mentioned operation was repeated except 

that the sodium salt of D(-)-a-(4-ethyl-2,3-dioxo-1- 
piperazinocarbonylamino)phenylacetic acid was re 
placed by each of the reactive derivatives of com 
pounds of formula (III) shown in Table 30, to obtain the 
respective objective compounds as shown in Table 30. 
The structure of each objective compound was con 
firmed by IR and NMR. 

TABLE 30 
Reactive derivative of 
compound of formula (III) Objective compound 
D(-)- D(-)- 

A. a' W 
S 

CH3N NCONHCHCOOH CHN NCONHCHCONH N 

s-l N o? 21 N 1. 

COOH h, 
m.p. (decomp.) 161-163' C., yield 85.8% 

D(-)- D(-)- 
O O O O 
W A W A 

S 

CH3CHN NCONHCHCOOH CH3CHN colour N-au- N 
\-/ \ / a N CHS N O G o? ea N1 

OH OH COOH CH3 
m.p. (decomp.) 188-190" C., yield 75.5% 
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TABLE 31-continued 
Compound of formula (IV) Objective compound 

S A. 
HN N N 

- v S 
o? N CHS N N CH3CHN NCONHCHCONH N N 

\-/ - 
COOH CH2CH3 o? N CHS N1 N 

OH COOH CH2CH3 
m.p. (decomp.) 163-165' C., yield 67.4% 

S 
H2N N N W A 

/ V 
o? Nell-CH2S N CH3CHN NCONHCHCONH N 

N 
\ / 

S 
N 

- 
COOH CH2(CH2)2CH3 e-N CHS-S-N 

OH COOH CH2(CHCH 
m.p. (decomp.) 159-161" C., yield 68.0% 

d(-)- 
S O O 

in N N y 
N CHs- J S 

o? 21 2 S CH3CH2N colour N N 
COOH \-/ () o? N CHs- S 

OH COOH 

mp, (decomp.) 183-185' C., yield 77.7% 

D(-)- 
O O S 

in W A. S 
N 

o? acHocH. CH3CHN coront 
COOH \-/ ($ a N CHOCH3 

COOH 
m.p. (decomp.) 167 C., yield 82.0% 

D(-)- 
S A. 

in Hm S 

e- N -e-CHOCOCH: CH3CHN colour 
COOH \-/ o? N CHOCOCH 

OH COOH 

m.p. (decomp.) 168-174' C., yield 65.0% 

EXAMPLE 44 

In a mixed solvent comprising 80 ml of water and 40 55 was separated off, successively washed two times with 
ml of ethyl acetate was suspended 4.0 g of 7-D(-)-a- 30 ml of saturated solution of sodium chloride and then 
aminophenylacetamido)-3-acetoxymethyl-A-cephem- dried by reduced pressure. The residue was dissolved in 
4-carboxylic acid, and 1.65 g of anhydrous potassium a mixed solvent comprising 50 ml of acetone and 10 ml 
carbonate was then dissolved therein with ice-cooling. of ethanol, and insolubles were separated off. Subse 
To this solution was added 7.3 g of 4-(a-hydroxye- 60 quently, 100 ml of isopropyl alcohol was added to the 

thyl)-2,3-dioxo-1-piperazinocarbonyl chloride at 0" to resulting solution, and then concentrated to a liquid 
5 C. over a period of 15 minutes, and the resulting amount of about two-thirds under reduced pressure, 
mixture was reacted at 10 to 15 C. for 30 minutes. The deposited crystals were collected by filtration, 
After the reaction, the aqueous layer was separated off, washed with iso-propyl alcohol and then dried to obtain 
100 ml of acetonitrile was added to the aqueous layer, 65 4.5 g of 7-D(-)-a-4-(a-hydroxyethyl)-2,3-dioxo-1- 
and the resulting solution was adjusted to a pH of 1.5 by piperazinocarbonylaminophenylacetamido-3-acetox 
addition of dilute hydrochloric acid, and was saturated ymethyl-A-cephem-4-carboxylic acid, m.p. 142-144 
by sodium chloride. Subsequently, the acetonitrile layer C. (decomp.), yield 76.3%. 
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IR (KBr) cm-l: voo 1770 (lactam), 
(-COOH), 1680, 1665 (-CON<). 
The above-mentioned procedure was repeated, ex 

cept that the 7-D(-)-a-aminophenylacetamido-3- 
acetoxymethyl-A-cephem-4-carboxylic acid was re 
placed by each of the compounds of formula (II) shown 
in Table 32, to obtain the respective objective com 
pounds as shown in Table 32. The structure of each 
objective compound was confirmed by IR and NMR. 

1708 
188 

distillation under reduced pressure. The residue was 
added to 20 ml of water, and the resulting solution was 
washed two times with 5 ml of ethyl acetate. To the 
aqueous layer was added 20 ml of ethyl acetate, and the 
solution was adjusted to a pH of 1.5 by addition of 2 N 
hydrochloric acid with stirring. Subsequently, the or 
ganic layer was separated off, washed with saturated 
aqueous sodium chloride, dried over anhydrous magne 
sium sulfate, and then the solvent was removed by dis 

TABLE 32 
Compound of formula (II) Objective compound 

D(-)- 

S 'v a' tion At W M S 
a N () o1 l chococh, HOCH2CHN colour 

H Mad a N OH COO () o? a1 CHsococh, 
OH COOH 

m.p. (decomp.) 153-157' C., yield 62.0% 

D(-)- 
S O O 

Iron )- N N S 
6 a N Ne | HOCH2CH2N NCONHCHCONH 

chs- 1. V- a' N a N N 2 O th Chs-l N 
3 OH COOH 

CH3 
m.p. (decomp.) 141-145' C., yield 64.6% 

D(-)- 
S O O 

to W A N N S 

(3) a N Ne HOCH2CH2N colour CHS N N N 1. N 

OH cooh () of CH3 COOH N1 
OH 

CH3 
m.p. (decomp.) 170-173' C., yield 58.0% 

EXAMPLE 45 

(1) To a solution of 0.63 g of D(-)-a-(4-ethyl-2,3- 
dioxo-1-piperazinocarbonylamino)phenylacetic acid in 
10 ml of anhydrous methylene chloride were added 0.5 
g of oxalyl chloride and a drop of N,N-dimethylforma 
mide, and the resulting mixture was reacted at room 
temperature for 30 minutes. After the reaction, the sol 
vent was removed by distillation under reduced pres 
sure. The residue was washed with anhydrous benzene 
to obtain 0.6 g of D(-)-a-(4-ethyl-2,3-dioxo-1- 
piperazinocarbonylamino)phenylacetyl chloride, m.p. 
112-116' C. (decomp.), yield 88.8%. 
IR (KBr) cm-l; vyty 3280. vollo 1790, 1695. 
(2) To a suspension of 0.27g of 7-aminocephalospo 

ranic acid in 6 ml of anhydrous methanol was added 
0.24 g of triethylamine. The resulting solution was 
cooled to -40 C., and to the solution was added a 
solution of 5 ml of anhydrous methylene chloride con 
taining 0.34 g of D(-)-a-(4-ethyl-2,3-dioxo-1- 
piperazinocarbonylamino)phenylacetyl chloride, and 
then the temperature of the reaction liquid was gradu 
ally elevated to room temperature over a period of 1 
hour. After the reaction, the solvent was removed by 

50 

55 

65 

tillation under reduced pressure to obtain 453 mg of 
7-D(-)-a-(4-ethyl-2,3-dioxo-1-piperazinocar 
bonylamino)phenylacetamidol-3-acetoxymethyl-A- 
cephem-4-carboxylic acid, m.p. 165'-166 C. (de 
comp.), yield 79.0%. 

In the same manner as above, 7-D(-)-a-(4-ethyl-2,3- 
dioxo-1-piperazinocarbonylamino)-p-hydroxy 
phenylacetamido-3-acetoxymethyl-A-cephem-4-car 
boxylic acid, m.p. 168-174' C. (decomp.), yield 72.3%, 
was obtained from D(-)-a-(4-ethyl-2,3-dioxo-1- 
piperazinocarbonaylamino)-p-hydroxyphenylacetyl 
chloride and 7-aminocephalosporanic acid. 

EXAMPLE 46 

To a suspension of 2.16 g of 6-aminopenicillanic acid 
in 20 ml of methylene chloride was added 2.02 g of 
triethylamine. Into the resulting solution was added 3.4 
g of D(-)-a-(4-ethyl-2,3-dioxo-1-piperazinocar 
bonylamino)phenylacetyl chloride at 10 to 15 C., and 
the resulting mixture was reacted at 10" to 15' C. for 2 
hours. After the reaction, the solvent was removed by 
distillation under reduced pressure. The residue was 
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added to 20 ml of water, and to the resulting solution 
was added 30 ml of ethyl acetate. The solution was 
adjusted to a pH of 2.5 by addition of 2 N hydrochloric 
acid and was stirred over a period of 4 hours to deposit 
crystals. The deposited crystals were collected by filtra 
tion to obtain 4.4 g of 6-D(-)-a-(4-ethyl-2,3-dioxo-1- 
piperazinocarbonylamino)phenylacetamidopenicil 
lanic acid, m.p. 154'-156° C. (decomp.), yield 82.2%. 

In the same manner as above, 6-D(-)-a-(4-ethyl-2,3- 
dioxo-1-piperazinocarbonylamino)-p-hydroxy 
phenylacetamidolpenicillanic acid m.p. 160-161' C. 
(decomp.), yield 70.5%, was obtained from 6 
aminopenicillanic acid and D(-)-a-(4-ethyl-2,3-dioxo 
l-piperazinocarbonylamino)-p-hydroxyphenylacetyl 
chloride. 

EXAMPLE 47 

Using D(-)-a-(4-ethyl-2,3-dioxo-1-piperazinocar 
bonylamino)phenylacetic acid and 7-amino-3-car 
bamoyloxymethyl-A-cephem-4-carboxylic acid, the 
same procedure as in Example 41 was repeated, to ob 
tain 7-D(-)-a-(4-ethyl-2,3-dioxo-1-piperazinocar 
bonylamino)phenylacetamido-3-carbamoyloxymethyl 
A-cephem-4-carboxylic acid, m.p. 175-180° C. (de 
comp.), yield 68.0%. 
IR (KBr) cm 1: vinH23450, 3350, voon H 3300, vo-o 

1778, 1710, 1670. 
In the same manner as above, 7-D(-)-a-(4-ethyl-2,3- 

dioxo-l-piperazinocarbonylamino)-p-hydroxy 
phenylacetamido-3-carbamoyloxymethyl-A-cephem 
4-carboxylic acid, m.p. 178-182' C. (decomp.), yield 
65.0%, was obtained from D(-)-a-(4-ethyl-2,3-dioxo 
l-piperazinocarbonylamino)-p-hydroxyphenylacetic 
acid and 7-amino-3-carbamoyloxymethyl-A-cephen-4- 
carboxylic acid. 

EXAMPLE 48 

(1) To a solution of 0.32 g of D(-)-a-(4-ethyl-2,3- 
dioxo-l-piperazinocarbonylamino)phenylacetic acid in 
15 ml of methylene chloride was added 0.1 g of N 
methylmorpholine. The resulting solution was cooled 
to -20 C., and to the solution was added a solution of 
0.1 g of ethyl chlorocarbonate in 2 ml of methylene 
chloride, and then the resulting solution was subjected 
to reaction at -10 to -20 C. for 1 hour. Subse 
quently, into the reaction liquid was dropped a solution 
of 0.44 g of a benzhydryl ester of 7-amino-3-car 
bamoyloxymethyl-A-cephem-4-carboxylic acid in 5 ml 
of methylene chloride at -20° C. After the dropping, 
the resulting solution was subjected to reaction at -10 
to -20° C. for 1.5 hours, and the temperature was then 
elevated to room temperature. Thereafter, the solvent 
was removed by distillation under reduced pressure, 
and the residue was dissolved in 15 ml of ethyl acetate. 
Subsequently, the resulting solution was successively 
washed with 10 ml of water, with 5% (weight/weight) 
aqueous sodium hydrogencarbonate, and saturated 
aqueous sodium chloride, and then dried over anhy 
drous magnesium sulfate. The solvent was removed by 
distillation under reduced pressure. Subsequently, the 
residue was purified with a column chromatography 
(silica gel-chloroform), to obtain 0.53 g of benzhydryl 
ester of 7-D(-)-a-(4-ethyl-2,3-dioxo-1-piperazinocar 
bonylamino)phenylacetamido-3-carbamoyloxymethyl 
A-cephem-4-carboxylic acid, m.p. 120-125 C, (de 
comp.), yield 71.6%. 
IR (KBr) cm l: VNH23480, 3380, vCONH 3300, vo-o 

1780, 1718, 1680. 

10 

5 
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NMR (CDCl3) it values: -0.1 (1H, d), 2.05 (1H, d), 

2.64 (15H, bs), 3.19 (1H, s), 4.20 (2H, m), 4.86 (1H, d), 
5.20 (2H, s), 5.25 (2H, bs), 6.1 (2H, m), 6.3-6.9 (6H, m), 
8.9 (3H, t). 

(2) To a solution of 0.2 g of a benzhydryl ester of 
7-D(-)-a-(4-ethyl-2,3-dioxo-1-piperazinocar 
bonylamino)phenylacetamido-3-carbamoyloxymethyl 
A-cephem-4-carboxylic acid in 5 ml of anisole was 
added 5 ml of trifluoroacetic acid while ice-cooling, and 
the resulting mixed solution was reacted for 30 minutes 
while ice-cooling. After the reaction, the solvent was 
removed by distillation under reduced pressure. Subse 
quently, the residue was dissolved in 15 ml of ethyl 
acetate, and to the resulting solution was added 10 ml of 
water, and then the resulting solution was adjusted to a 
pH of 7.5 by addition of sodium hydrogencarbonate 
while stirring. Thereafter, the aqueous layer was sepa 
rated off, added to 20 ml of ethyl acetate, and then 
adjusted to a pH of 2.0 by addition of 2N hydrochloric 
acid. Subsequently, the organic layer was separated off, 
successively washed with water and saturated aqueous 
sodium chloride, and then dried over anhydrous magne 
sium sulfate. The solvent was removed by distillation 
under reduced pressure to deposit crylstals. Subse 
quently, the deposited crystals were collected by filtra 
tion to obtain 0.13 g of 7-D(-)-a-(4-ethyl-2,3-dioxo-1- 
piperazinocarbonylamino)phenylacetamido-3-car 
bamoyloxymethyl-A-cephem-4-carboxylic acid, m.p. 
175-180° C. (decomp.), yield 83.0%. 
IR (KBr) cm : v NH 3450, 3350 voovy 3300, luc-o 

1778, 1710, 1670. 
NMR (d6-DNSO) r values: 0.15 (1H, d), 0.55 (1H, d), 

2.60 (5H, b), 3.47 (2H, s), 4.28 (2H, m), 4.95 (1H, d), 5.25 
(2H, q), 6.10 (2H, m), 6.25-6.90 (6H, m), 8.9 (3H, t). 

EXAMPLE 49 

(1) To a solution of 0.32 g of D(-)-a-(4-ethyl-2,3- 
dioxo-1-piperazinocarbonylamino)phenylacetic acid in 
15 ml of anhydrous methylene chloride was added 0.1 g 
of N-methylmorpholine. The resulting solution was 
cooled to -20 C., and to the solution was added a 
solution of 0.11 g of ethyl chlorocarbonate in 1 ml of 
methylene chloride, and then the resulting mixed solu 
tion was reacted at - 10 to -20 C. for 1 hour. Subse 
quently, into the reaction solution was dropped a solu 
tion of 0.46g of 3,3,43-trichloroethyl ester of 7-amino-3- 
5-(1-methyl-1,2,3,4-tetrazolyl)-thiomethyl-A-ceph 
em-4-carboxylic acid in 5 ml of methylene chloride at 
-20 C. After the dropping, the resulting mixed solu 
tion was reacted at - 10 to -20 C. for 1 hour, and at 
room temperature for 30 minutes. 

After the reaction, the solvent was removed by distil 
lation under reduced pressure, and the residue was suc 
cessively washed with 5% (weight/weight) aqueous 
sodium hydrogencarbonate, and with saturated aqueous 
sodium chloride, and then dried over anhydrous magne 
sium sulfate. Subsequently, the solvent was removed by 
distillation under reduced pressure, the residue was 
purified with a column chromatography (silica gel-ben 
zene-ethyl acetate) to obtain 0.53 g of 9.f3,f3-trichloro 
ethyl ester of 7-D(-)-a-(4-ethyl-2,3-dioxo-1- 
piperazinocarbonylamino)phenylacetamido)-3-(5-(1- 
methyl-1,2,3,4-tetrazolyl)thiomethyl)-A-cephem-4-car 
boxylic acid, m.p. 125-135 C. (decomp.), yield 69.6%. 
IR (KBr) cm-l: vic-o 1780, 1715, 1680. 
(2) To a solution of 0.5g off3,3,3-trichloroethyl ester 

of 7-D(-)-a-(4-ethyl-2,3-dioxo-1-piperazinocar 
bonylamino)phenylacetamido)-3-(5-(1-methyl-1,2,3,4- 
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tetrazolyl)thiomethyl)-A-cephem-4-carboxylic acid 
were added 0.5g of zinc dust and 0.5 ml of acetic acid, 
and then the resulting mixture was reacted for 1.5 
hours. After the reaction, the reaction liquid was sub 
jected to sellaite filtration, the filtrate was freed from 
the solvent by distillation under reduced pressure. 
Thereafter, the residue was dissolved in 15 ml of water, 
and the resulting solution was adjusted to a pH of 1.5 by 
addition of 2 N hydrochloric acid to deposit crystals. 
Subsequently, the deposited crystals were collected by 
filtration, dried and then washed with ethyl acetate to 
obtain 7-D(-)-a-(4-ethyl-2,3-dioxo-1-piperazinocar 
bonylamino)phenylacetamido)-3-(5-(1-methyl-1,2,3,4- 
tetrazolyl)thiomethyl)-A-cephem-4-carboxylic acid, 
m.p. 163'-165 C. (decomp), yield 82.1%. 
What is claimed is: 
1. An antibacterial compound of the formula (I), 

(X) (I) 

f V S 

AN in-cont 
\\\ Y 4 a N CHR o? 21 
(R2R) 

COOR 

wherein R is a group represented by the formula 

each of said moieties A, R, R2, R3, R, R and R8 is a 
conventional penicillin or cephalosporin substituent 
selected from the groups or atoms which each of said 
moieties represents as set forth subsequently, wherein 
R represents alkyl, cycloalkyl, cycloalkenyl, cy 
cloalkadienyl, aryl, aralkyl, aryloxy, alkylthioalkyl, 
furyl, thienyl, oxazoly, thiazolyl, isoxazolyl, iso 
thiazolyl, imidazolyl, pyrazolyl, pyridyl, pyrazyl, 
pyrimidyl, pyridazyl, quinolyl, isoquinoly, quinazo 
lyl, indolyl, indazolyl, 1,3,4-oxadiazolyl, 1,2,4- 
oxadiazolyl, 1,3,4-thiadiazolyl or 1,2,4-thiadiazolyl, 
any of which may be substituted by halogen, hy 
droxy, nitro, alkyl, alkoxy, alkylthio, acyl or alkylsul 
fonylamino; R represents a hydrogen atom; and R. 
and R together with a common carbon atom may 
form a cycloalkyl, cycloalkenyl or cycloalkadienyl 
Ting; 

R represents a hydrogen atom, a blocking group of a 
conventional penicillin or cephalosporin or a pharma 
ceutically acceptable salt-forming cation of a conven 
tional penicillin or cephalosporin; 

n represents 1 or 2; each of the n X's, which may be 
identical or different from one another, represents 
individually an oxygen or sulfur atom, and then X's 
are attached in any combination to the 2-, 3-, or 5 
positions of the piperazine ring; 

m represents 4-n; each pair of R2 and Rare linked to 
the same carbon atom, and each Rand Rofm pairs 
of R2 and R, which may be the same or different, 
represent individually hydrogen, halogen, carboxyl, 
alkyl, cycloalkyl, aryl, acyl, aralkyl, alkoxycarbonyl 
alkyl, acyloxyalkyl, alkoxy, alkoxycarbonyl, cy 
cloalkyloxycarbonyl, aralkoxycarbonyl, aryloxycar 
bonyl, amino, N-alkylamino, N,N-dialkylamino, N 
arylaminocyclic amino or carbamoyl; any of which 
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may be substituted by halogen, alkyl, alkoxy, alkyl 
thio, acyl or nitro; and any pair of R2 and R together 
with a common carbon atom may form a cycloalkyl 
ring 

A represents hydrogen, hydroxy, nitro, cyano, alkyl, 
alkenyl, alkynyl, alkadienyl, cycloalkyl, cycloalke 
nyl, cycloalkadienyl, aryl, acyl, aralkyl, acyloxyalkyl, 
alkoxy, cycloalkyloxy, alkoxycarbonyl, aryloxy, cy 
cloalkyloxycarbonyl, aryloxycarbonyl, aralkoxycar 
bonyl, alkylsulfonyl, cycloalkylsulfonyl, arylsulfonyl, 
carbamoyl, N-alkylaminocarbonyl, N-arylaminocar 
bonyl, N,N-dialkylaminocarbonyl, cyclic aminocar 
bonyl, thiocarbamoyl, N-alkylaminothiocarbonyl, 
N-arylaminothiocarbonyl, N,N-dialkylaminothiocar 
bonyl, cyclic aminothiocarbonyl, acylcarbamoyl, 
acylthiocarbamoyl, alkylsulfonylcarbamoyl, arylsul 
fonylcarbamoyl, alkylsulfonylthiocarbamoyl, arylsul 
fonylthiocarbamoyl, sulfamoyl, alkoxycarbonylthi 
oalkyl, alkoxythiocarbonylthioalkyl, amino, thia 
zolyl, pyridyl, pyridazyl, pyrazyl, thiadiazolyl, triaz 
olyl, tetrazolyl or quinolyl, any of which may be 
substituted by halogen, hydroxyl, alkyl, alkoxy, alkyl 
thio, nitro, cyano, amino, carboxyl, or acyl; 

Y represents an oxygen or sulfur atom; and 
R represents hydrogen, an acyloxy group or a car 
bamoyloxy group. 
2. An antibacterial compound of claim 1, wherein R 

represents alkyl, cycloalkadienyl, thienyl, phenyl, p 
hydroxyphenyl; R6 represents hydrogen; each pair of 
R2 and Rare linked to the same carbon atom, and each 
R2 and R3 of m pairs of R2 and R3, which may be the 
same or different, represent individually hydrogen, 
alkyl, aryl or alkoxycarbonylalkyl or any pair of R2 and 
R3 together with a common carbon atom may form a 
cycloalkyl ring; A represents hydrogen, alkyl, alkenyl, 
cycloalkyl, aryl, acyl, aralkyl, acyloxyalkyl, alkylsulfo 
nyl, carbamoyl acylcarbamoyl, N-arylaminocarbonyl 
or alkoxycarbonyl; and R represents hydrogen, ace 
toxy or carbamoyloxy. 

3. An antibacterial compound of claim 1, of the for 
mula, 

O 
A. 

S 

A-N -on-or yx s N CHR 3 o? 21 2 
(R. R.') 

COOR 

4. An antibacterial compound of claim 1, of the for 
mula, 

O 
V 

S 

AoN -on-cont y R5 a N a CHR 
(R2 R3) O 

COORl 

5. An antibacterial compound of claim 1, of the for 
mula, 
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cally acceptable cation capable of forming a non-toxic 
O salt or an ester-forming group capable of being easily 

A. removed by enzymes in a living body; R represents 
/V S acetoxy or carbamoyloxy. 

A-N N-CONH-CH-CONH 5 9. An antibacterial compound of claim 7, wherein R5 
s N CHR represents phenyl or p-hydroxyphenyl; each pair of R2 

o6.V. o? 2 2 and Rare linked to the same carbon atom and each R2 
(R. R.') and Rof 2 pairs of R2 and R3, which may be the same 

or different, represent individually hydrogen or methyl; 
10 A represents methyl or ethyl; R represents a hydrogen 

atom, a pharmaceutically acceptable cation capable of 
forming a non-toxic salt or an ester-forming group capa 
ble of being easily removed by enzymes in a living 
body; and R' represents acetoxy. 

15 10. An antibacterial compound of claim 1, wherein 
S R is selected from the group consisting of ester-form 

A-N N-CONH-CH-CONH ing groups capable of being removed by catalytic re 
2 N 21 HR 

COOR 

6. An antibacterial compound of claim 1, of the for 
mula, 

XH/ s duction, chemical reduction or hydrolysis under mild 
ork, O conditions and ester-forming groups capable of being 

COOR1 20 easily removed by enzymes in a living body. 
11. An antibacterial compound of claim 1, wherein 

7. An antibacterial compound of claim 1, of the for- R is a pharmaceutically acceptable cation capable of 
mula, forming a non-toxic salt. 

12. An antibacterial compound of claim 1, wherein 
O O 25 R is a hydrogen atom. 
W A 13. The compound of claim 7, which is 7-D(-)-a-(4- methyl-2,3-dioxo-1-piperazinocarbonylamino)- S 

A-N NCONH-CH-CONH phenylacetamido)-3-acetoxymethyl-A-cephem-4-car 
s boxylic acid of the formula, 

yA R e- N CHR 
O 

(R2 R3) COOR 
O O 
V. A 

V (D) S 

CH3-N n-colour \-/ o? N CH2OCOCH3 

COOH 

or a non-toxic salt thereof. 
is 14. The compound of claim 7, which is 7-D(-)-a-(4- ethyl-2,3-dioxo-1-piperazinocarbonylamino)- 

henylacetamidol-3-acetoxymethyl-A-cephem-4-car 8. An antibacterial compound of claim 7, wherein R3 ER." 

O O 
V A 

(D) S 

CH3CH-N -out-out \-/ o? N CHOCOCH3 

COOH 

is phenyl, p-hydroxyphenyl, cycloalkadienyl or thienyl; 
A is a hydrogen, alkyl, alkenyl, aryl or aralkyl which 
may be substituted by halogen or hydroxy; each pair of or a non-toxic salt thereof. 
Rand Rare linked to the same carbon atom, and each 65 15. The compound of claim 1, which is 7-D(-)-a-(4- 
R and R of 2 pairs of R2 and R, which may be the ethyl-2,3-dioxo-1-piperazinothiocarbonylamino)- 
same or different, represent individually hydrogen or phenylacetamido)-3-acetoxymethyl-A-cephem-4-car 
alkyl; R represents a hydrogen atom, a pharmaceuti- boxylic acid of the formula, 
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(D) S 

CH3CH-N -et-cont 
V-1 o? N CHOCOCH3 

COOH 

or a non-toxic salt thereof. 
16. The compound of claim 1, which is 7-D(-)-a-(4- O O 

methyl-2,3-dioxo-1-piperazinothiocarbonylamino)- W A 
phenylacetamido)-3-acetoxymethyl-A-cephem-4-car- 15 A V (D) S 
boxylic acid of the formula, CH-N -CONH-H-conH 

($ o? N CH3 
COOCH2OCH3. 

(D) W V S 

CH3-N -et-out \-/ e-N CH2OCOCHy 
COOH 

or a non-toxic salt thereof. 
17. The compound of claim 7, which is 7-D(-)-a-(4- 

ethyl-2,3-dioxo-1-piperazinocarbonylamino)-p-hydrox 
yphenylacetamido)-3-acetoxymethyl-A-cephem-4-car 
boxylic acid of the formula, 

O O 
V. A 

(D) 

COOH 

S 

CH3CH2-N -out-out \- C D o? N CHOCOCH3 

OH 

or a non-toxic salt thereof. 
18. The compound of claim 7, which is 7-D(-)-a-(4- 

ethyl-2,3-dioxo-1-piperazinocarbonylamino)-p-hydrox 
yphenylacetamido-3-carbamoyloxymethyl-A-ceph 

30 

20. A pharmaceutical composition comprising an 

antibacterially effective amount of a compound of claim 
1 and a pharmaceutically acceptable carrier. 

21. A method of combatting bacteria in mammals 
which comprises administering to said mammal an an 
tibacterially effective amount of a compound of claim 1. em-4-carboxylic acid of the formula, 50 

a' 
(D) S 

CH3CH-N -out-out 
\ / 2- N Cloon 

COOH 

OH 

or a non-toxic salt thereof. 
19. The compound of claim 7, which is methox- 65 

ymethyl 7-D(-)-a-4-methyl-2,3-dioxo-1- 
piperazinocarbonylamino)phenylacetamido-3-methyl 
A-cephem-4-carboxylate of the formula, 22. A compound of the formula (I), 
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(X) (I) 

AN in-cont 
\\\ N O 
(RR), 

each of said moieties A, R, R2, R3, R, R5 and R6 is a 
conventional penicillin or cephalosporin substituent 
selected from the groups or atoms which each of said 
moieties represents as set forth subsequently, 
wherein R represents methyl, ethyl, propyl, butyl, 

pentyl, hexyl, heptyl, octyl, cyclopentyl, cyclohexyl, 
cycloheptyl, cyclopentenyl, cyclohexenyl, cyclopen 
tadienyl, cyclohexadienyl, phenyl, naphthyl, benzyl, 
phenethyl, phenoxy, naphthoxy, methylthiomethyl, 
ethylthiomethyl, methylthioethyl, ethylthioethyl, 
furyl, thienyl, oxazolyl, thiazolyl, isoxazolyl, iso 
thiazolyl, imidazolyl, pyrazolyl, pyridyl, pyrazyl, 
pyrimidyl, pyridazyl, quinolyl, isoquinolyl, quinazo 
lyl, indolyl, indazolyl, 1,3,4-oxadiazolyl, 1,2,4- 
oxadiazolyl, 1,3,4-thiadiazolyl, or 1,2,4-thiadiazolyl; 
each group represented by said Rs may be substituted 
by halogen, hydroxy or nitro; R represents a hydro 
gen atom; and R5 and R together with a common 
carbon atom may form a cyclohexyl, cyclohepty) or 
cyclopentenyl, cyclohexenyl, cyclopentadienyl or 
cyclohexadienyl ring, 

R represents a hydrogen atom, a blocking group of a 
conventional penicillin or cephalosporin or a pharma 
ceutically acceptable salt-forming cation of a conven 
tional penicillin or cephalosporin; 

n represents 1 or 2; each of the n X's, which may be 
identical or different from one another, represents 
individually an oxygen or sulfur atom, and the n X's 
are attached in any combination to the 2-, 3-, or 5 
positions of the piperazine ring; 

m represents 4-n; each pair of R2 and Rare linked to 
the same carbon atom, and each R2 and Rofm pairs 
of R2 and R3, which may be the same or different, 
represent individually, a hydrogen atom, a halogen 
atom, a carboxyl group, methyl, ethyl, propyl, butyl, 
penty, hexyl, heptyl, octyl, cyclopentyl, cyclohexyl, 
cycloheptyl, phenyl, naphthyl, acetyl, propionyl, 
butyryl, benzoyl, benzyl, phenethyl, methoxycar 
bonylmethyl, ethoxycarbonylmethyl, acetylox 
ymethyl, propionyloxymethyl, pivaloylmethyl, ben 
zoyloxymethyl, methoxy, ethoxy, propoxy, butoxy, 
methoxyycarbonyl, ethoxycarbonyl, propoxycarbo 
nyl, cyclopentyloxycarbonyl, cyclohexyloxycarbo 
nyl, cycloheptyloxycarbonyl, benzyloxycarbonyl, 
phenethoxycarbonyl, phenoxycarbonyl, naphthox 
ycarbonyl, amino, N-methylamino, N-ethylamino, 
N-propylamino, N-butylamino, N,N-dimethylamino, 
N,N-diethylamino, N-N-dibutylamino, N 
acetylamino, N-propionylamino, N-butyrylamino, 
N-benzoylamino, pyrrolidino, piperidino, morpho 
hno, carbamoyl, N-methylaminocarbonyl, N 
ethylaminocarbonyl, N-N-dimethylaminocarbonyl, 
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N,N-diethylaminocarbonyl, and any pair of R2 and 
Rtogether with a common carbon atom may form a 
cyclopentyl, cyclohexyl or cycloheptyl group, and 
each of the groups mentioned above for said R2 and 
R may be substituted by halogen or nitro; 

A represents hydrogen, hydroxy group, nitro, cyano, 
methyl, ethyl, propyl, isopropyl, butyl, pentyl, hexyl, 
heptyl, octyl, dodecyl, vinyl, propenyl, butenyl, pro 
pargyl, 1,3-butadienyl, 1,3-pentadienyl, cyclopentyl, 
cyclohexyl, cycloheptyl, cyclopentenyl, cyclohex 
enyl, cyclopentadienyl, cyclohexadienyl, phenyl, 
naphthyl, formyl, acetyl, propionyl, isovaleryl, cap 
royl, enanthoyl, capryloyl, palmitoyl, stearoyl, acry 
loyl, cyclohexanecarbonyl, benzoyl, phenylglycyl, 
furoyl, thenoyl, benzyl, phenethyl, acetyloxyethyl, 
pivaloyloxymethyl, benzoyloxymethyl, methoxy, 
ethoxy, propoxy, butoxy, cyclopentyloxy, cyclohex 
yloxy, cycloheptyloxy, phenoxy, naphthoxy, me 
thoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, 
butoxycarbonyl, cyclopentyloxycarbonyl, cyclohex 
yloxycarbonyl, cycloheptyloxycarbonyl, phenox 
ycarbonyl, (1- or 2-)naphthoxycarbonyl, benzylox 
ycarbonyl, phenethoxycarbonyl, methanesulfonyl, 
ethanesulfonyl, propanesulfonyl, butanesulfonyl, cy 
clopentanesulfonyl, cyclohexanesulfonyl, benzene 
sulfonyl, (1- or 2-(napthalenesulfonyl, carbamoyl, 
N-methylaminocarbonyl, N-ethylaminocarbonyl, N 
propylaminocarbonyl, N-butylaminocarbonyl, N 
phenylaminocarbonyl, N,N-dimethylaminocarbonyl, 
N,N-diethylaminocarbonyl, pyrrolidinocarbonyl, 
piperidinocarbonyl, morpholinocarbonyl, thiocar 
bamoyl, N-methylaminothiocarbonyl,N-ethylamino 
thiocarbonyl, N-propylaminothiocarbonyl, N 
phenylaminothiocarbonyl, N-N-dimethylaminothi 
ocarbonyl, N-N-diethylaminothiocarbonyl, pyr 
rolidinothiocarbonyl, piperidinothiocarbonyl, mor 
pholinothiocarbonyl, N-acetylcarbamoyl, N-pro 
pionylcarbamoyl, N-butyrylcarbamoyl, N-benzoyl 
carbamoyl, N-furoylcarbamoyl, N-thenoylcarbam 
oyl, N-acetylthiocarbamoyl, N-propionylthiocar 
bamoyl, N-butyrylthiocarbamoyl, N-benzoylthiocar 
bamoyl, N-naphthoylthiocarbamoyl, N-furoylthi 
ocarbamoyl, N-thenoylthiocarbamoyl, methanesul 
fonylaminocarbony, ethanesulfonylaminocarbonyl, 
butanesulfonylaminocarbonyl, benzenesul 
fonylaminocarbonyl, (1- or 2-)naphthalenesl 
fonylaminocarbonyl, methanesulfonylaminothiocar 
bonyl, ethanesulfonylaminothiocarbonyl, butanesul 
fonylaminothiocarbonyl, benenesulfonylaminothi 
ocarbonyl, naphthalenesulfonylaminothiocarbonyl, 
sulfamoyl, N-methylsulfamoyl, N-ethylsulfamoyl, 
N-propylsulfamoyl, N-butylsulfamoyl, N,N-dime 
thylsulfamoyl, N,N-diethylsulfamoyl, N,N-dipropyl 
sulfamoyl, N,N-dibutylsulfamoyl, N-phenylsulfam 
oyl, N-benzylsulfamoyl, N-cyclopentylsulfamoyl, 
N-cyclohexylsulfamoyl, methoxycarbonylthi 
omethyl, ethoxycarbonylthiomethyl, propoxycar 
bonylthiomethyl, butoxycarbonylthiomethyl, me 
thoxycarbonylthioethyl, methoxythiocarbonylthi 
omethyl, ethoxythiocarbonylthiomethyl, propoxythi 
ocarbonylthiomethyl, butoxythiocarbonylthi 
omethyl, methoxythiocarbonylthioethyl, amino, N 
methylamino, N-ethylamino, N-propylamino, N 
butylamino, N,N-dimethylamino, N,N-diethylamino, 
N,N-dibutylamino, N-acetylamino, N-pro 
pionylamino, N-butyrylamino, N-benzoylamino, pyr 
rolidino, piperidino, morpholino, thiazolyl, pyridyl, 






